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This three-paper dissertation addresses the experience and the implementation of 
evidence-based learning practices in science, technology, engineering, and mathematics 
(STEM)/biology education. Study 1 explored instructional strategies and student 
perceptions and preferences for various teaching practices in graduate and undergraduate 
classrooms across three STEM colleges. The study revealed that students desired more 
time for active learning practices and wanted fewer lectures than they currently 
experienced. Upon closer probing, findings suggest that educators should employ various 
active learning practices in their classrooms. Finally, the study provides suggestions for 
instructors teetering on the brink of adoption to leap into active learning.  
 
Study 2A and 2B narrowed the focus to learning in groups, which is the most 
utilized active learning strategy in biology courses. These studies examined how grouping 
strategies (self-selected vs instructor-assigned academically heterogeneous groups) impact 
first-year biology students' experience, performance, and cooperative learning participation 
in a biology laboratory course with extensive group work through a mixed-methods 
approach. There were similar effects on student perceptions from intervening in group 
strategies. However, students found substantial value in their group experiences in 
developing both academic and social skills. At the same time, students experienced 
diminishing concerns regarding their group members over time. When examining 
cooperative learning, there were many similarities but a greater frequency of cooperative 
learning elements when controlled for teacher's influence and the curriculum activity. 
There was also a small difference in the scores of assignments completed as a group.  
 
These findings in totality have implications on how instructors can best form groups 
that maximize student learning while improving students’ biology laboratory experience. 
The study findings suggest that once pedagogical approach and curriculum are controlled, 
there is evidence that academically heterogeneous groups, as opposed to self-selected 




















Despite positive evidence for active learning, lecturing dominates STEM higher 
education. Though most instructors acknowledge active learning is valuable, many resist 
implementing active learning techniques--citing an array of barriers, including a perceived 
lack of student buy-in. However, few studies have explored student perceptions of specific 
active learning teaching practices, particularly graduate students' perceptions. Chapter 3 
explored student-reported instructional strategies and student perceptions of and 
preferences for various teaching practices in graduate and undergraduate classrooms across 
three STEM colleges at a large, public, research university. The study found that both 
graduate and undergraduate students desired more time for active learning and wanted less 
lecturing. However, there was no single universally desired or undesired teaching practice, 
suggesting that a variety of active learning teaching practices should be employed in both 
graduate and undergraduate courses. 
 
Chapter 4 
While there is consensus on the benefits of cooperative learning, there is less 
consensus on how best to form groups that maximize learning and improve the student 
learning experience. The conflicting results in group formation on maximizing learning 
and student perceptions for group work have led to the exploration of how undergraduate 
students experience working in different groups in a first-year biology laboratory course. 
Evaluating student perceptions and their experiences is essential because their perceptions 
affect their behaviors, response, and beliefs about the environment.  
Therefore Study 2A explored how first-year students experienced extensive group 
work in a biology laboratory course via a mixed-methods approach using two different 
methods of group formation. First, student experiences while learning in self-selected 
groups, the usual method most common within the discipline, were explored. Next was an 
examination of student experiences with learning in instructor-assigned academically 
heterogeneous groups. There were similar effects on student perceptions from both 
grouping strategies. Study 2A indicated that students find substantial value in their 
experiences with group work in developing their academic and social skills. At the same 
time, students experienced diminishing concerns regarding group members over time. 
These findings have implications on how instructors can best form groups that maximize 
student learning while improving students’ laboratory experience. 
 
Chapter 5  
Study 2B followed up on the previous findings by examining for any differences or 
alignments in academic performance for students in assigned and self-selected formed 
groups. Study 2B also examined students from the same study population in both the 
assigned and self-selected groups for evidence of cooperative learning using a validated 
observation protocol. There were many similarities between group types but there was a 
greater frequency of cooperative learning elements in the assigned group when controlled 
for the instructor and the lab curriculum. In addition to the difference in cooperative 
learning experiences from group type, there was also a small positive difference in the 
scores of assignments completed as a group. Findings suggest that for instructors keen on 
cooperative groups, the instructor's pedagogical approach may be more vital than the 
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grouping strategy. For instructors that are more aligned with cooperative learning, group 
type does not appear to matter as much. However, group type does appear to affect 
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Towards Discipline-Based Pedagogical Changes: A Historical
Perspective
Science, technology, engineering, and math (STEM) teaching in the past decades:
“It is a tradition. It was part of my training and seems like what I should be doing. I feel
somehow guilty when I am not lecturing,” (Creed, 1986, p. 25). Meta studies from the
1980s revealed that students experienced lectures, a teacher-centered approach, as the
primary instruction mode during their undergraduate experience, including in their STEM
classrooms. In courses more aligned with STEM, including 89% of physics and
mathematics, faculty relied on lecturing as the sole means of teaching. Lecturing was and
remained perceived as synonymous with teaching. It was and is the dominant method by
which the faculty themselves were taught – it was the method by which most of them
continued to teach (Bonwell and Eison, 1991; Akiha et al, 2018; Stains et al, 2018).
Discovery of issues in STEM education: Beginning in the mid-1980s, the work of
the Higher Education Research Institute (HERI) highlighted many of the concerns
plaguing STEM (then known as SME) higher education. These concerns included the
drop in first-year students choosing STEM-based programs. A nationwide study of 2-year
and 4-year colleges revealed a 40% loss of STEM majors, most of these taking place
within the first two years into college (Hilton and Lee, 1988; Astin and Astin, 1993).
Moreover, the number of students who joined STEM majors after their enrollment into
college remained minimal.
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The general drop in STEM majors also highlighted that STEM professions and
the majors supplying them were disproportionately white and male (Seymour, 2002). The
same HERI studies highlighted a 20-year decline in female enrollment despite increased
recruitment efforts. Not only were enrollment rates lower, but the persistent rates of
women in STEM majors were also lower than those of the men (Astin and Astin, 1993).
Similar trends were also ongoing in other underrepresented groups, including
Hispanic, African American, and Native American students (Astin and Astin, 1993).
Only a third of the Hispanic students, and one-half of African American and Native
American students enrolled in STEM majors, graduated with a STEM major. National
data demonstrated that only 38% of students of color entering engineering colleges
graduated, compared to 68% of white students (Morrison and Williams, 1993). Likewise,
between the first and third years of college, 65% of students of color entering science or
mathematics dropped out of their majors (Culotta, 1992). Of the students who dropped
out, half switched to non-STEM majors; half of the students who left engineering left
college altogether (Campbell, 1993).
The under-representation concerns generated a debate about other issues,
including the inequity in educational and occupational access, criticism of the quality of
the STEM college experience, and finally, the effect on the workforce. Even with the pool
of young white males exploited, the workforce demanded more STEM majors, forcing
alternative talent sources to be tapped (Seymour, 2002).
Efforts towards improving STEM education: By the early 1990s, these concerns
generated a national effort to recruit underrepresented groups into the sciences. The
National Science Foundation (NSF) and the National Institute of Health (NIH) spent over
2
a billion dollars to increase the participation of historically underrepresented students
(Sims, 1992). These programs were effective in recruiting, but retention remained
troubling. Around 2 out of every 3 Hispanic students and 1 out of every 2 African
American students left science, math, and engineering majors (Astin and Astin, 1993).
The lack of success from these early programs may have been because the programs were
solely targeting underrepresented groups instead of focusing on the inequities of STEM
education (Seymour and Hewitt, 1997). Additionally, programs targeting
underrepresented groups deflected attention from the more significant challenge—to
improve the quality of the undergraduate learning experience for all students (Seymour,
2002).
Science for all and pedagogical changes: Since the late nineties, the focus has
been to improve the STEM competencies of all students, a mindset that a “rising tide lifts
all boats”—improvements in the general quality of college STEM education will benefit
all students, but will also disproportionately aid those who are poorly served by the
existing undergraduate learning experience (Seymour, 2002). There is now a growing
network of faculty experimenting with pedagogy in their classroom, departments, and
networks for this effort. As a result, a shift towards science for all (AAAS, 1990) has had
implications on teaching in the classroom, deemphasizing passive learning, and
emphasizing active learning.
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Organization of my Dissertation
Towards this effort, my three-paper dissertation explores science learning and
teaching practices informed by constructivism, including active learning and cooperative
learning in the STEM/Biology higher education context.
In Study 1 (Chapter 3), I examined the current teaching and learning practices
prevalent across the STEM higher education curricula and identified ways to bring
evidence-based teaching into classrooms. Study 1 is a single study that includes an
introduction, methods, results, and a discussion section (Gonsar, Patrick, Cotner, 2021).
In Study 2 (Chapters 4 and 5), I shifted my focus to examine grouping strategies
critical for successful cooperative groups. Through a mixed-methods approach, I
explored grouping stages in a first-year biology laboratory course. I examined how
students experience working in extended (semester-long) groups, its potential impacts on
performance, and how it affects cooperative learning participation. Study 2 encompasses
2A and 2B of an overall project. Each part includes an introduction, methods, results, and
a discussion section.
A final Chapter 6 includes my central findings from all three studies and their
implications for learning and research in the future.
Chapters 1 and 2 serve to introduce and contextualize the three studies,
respectively. In Chapter 1, I provide a brief roadmap for navigating my three-paper
dissertation proposal. Chapter 1 also serves to provide a broad overview of the changes in
the process for undergraduate STEM education. I include a historical perspective on
STEM education trends and detail how my work contributes to the growing literature on
Science learning and teaching practices, “science for all.” Chapter 2 provides a
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framework for my three studies through an in-depth literature review and a deep dive into
selected methodological approaches.
Research Design
Study 1: Graduate and Undergraduate-Student Perceptions of and Preference for
Teaching Practices in STEM classrooms
Despite the evidence in support of active learning, reliance on lecturing remains
pervasive in STEM higher education. Though many instructors acknowledge the value,
they resist implementing active learning techniques in their courses. When queried about
their reluctance, faculty often cite an array of barriers ‒ most notably, a perceived lack of
student buy-in for active learning practices. On the other hand, few studies have explored
student perceptions of active learning or examined active learning practices in
graduate-level courses.
Chapter 3 (Study 1) of this dissertation examines the student perceptions of 23
teaching strategies in graduate and undergraduate classrooms across the three STEM
colleges at a large mid-western university. Based on the findings, I proposed key
takeaways for instructors keen to implement evidence-based practices, including active
learning methods in their courses. I identified that traditional lecturing was the most
experienced mode of teaching in both graduate and undergraduate classes through a
survey-based approach. Both graduate and undergraduate students overwhelmingly
desired more time devoted to active learning than was experienced in their large STEM
classes. Both these populations also wanted less lecturing as the primary mode of
instruction. This study also demonstrated that no single active learning practice was
5
universally preferred or unwanted. These findings suggest that instructors should
implement various active learning practices in their classrooms, for graduate and
undergraduate students alike. Finally, the results have implications for faculty
professional-development programs at all levels of post-secondary instruction. This work
is in the accepted manuscript: Gonsar, N., Patrick, L., Cotner, S., (2021). Graduate and
Undergraduate-Student Perceptions of and Preference for Teaching Practices in STEM
classrooms. Submitted on Dec 20th, 2020 Disciplinary and Interdisciplinary Science
Education Research (DISER).
Our Research Questions for Study 1 were:
1. How do undergraduate and graduate students perceive the teaching practices in
their curricula? Specifically, which teaching practices do undergraduate and
graduate students experience, and which do they prefer?
2. Are there notable differences in undergraduate and graduate-level courses
concerning the implementation and perceptions of active learning?
Study 2A: Cooperative Learning Groups in a Biology Laboratory Course: Exploring
Grouping Strategies (2A)
Many studies cite the benefits of peer learning groups, but there is limited
consensus on group forming for maximizing learning and improving students' group
learning experience. Some recommend that heterogeneous groups are most effective for
cooperative groups (Heller and Hollabaugh, 1991; Miller et al, 2012), and others found
benefits with self-selected groups, common in the STEM disciplines and which are often
homogeneous in gender, ethnicity, and or academic ability (Lou et al, 1996; Baer, 2003;
6
Jensen and Lawson, 2011).
Chapter 4 (Study2A) of this dissertation examined how first-year students
experienced self-selected and instructor-assigned heterogeneous methods of group
formation while engaged in extended group learning in a biology laboratory course.
There were similar effects on student perceptions of cooperative group work from
intervening in-group heterogeneity. The findings indicate that students find tangible value
in developing academic and social skills in their group work experiences regardless of a
group type. Students found their groups most benefited them by contributing different
perspectives and bettering their understanding {of} the material. At the same time,
student's concerns regarding working in groups diminished as they continued working
together. In combination with previous work, conclusions from Study 2A recommend
that instructors ensure more stable assigned peer groups. Also, students should form and
experience more group work. This work encompasses a complete manuscript ready for
submission.
My Research Questions for Study 2 were:
1) How is learning within assigned and self-selected base groups  perceived by 
 undergraduate students ?
2) How did the perspectives of students change (if at all) after working in
self-selected and assigned groups for a semester's duration?
Study 2B: Cooperative Learning Groups in a Biology Laboratory Course: Exploring
Elements of Cooperative Learning and Academic Performance (2B)
Evidence in other learning spaces suggests academic and social skill benefits with
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cooperative learning (Slavin, 1980; Felder and Brent, 2007; Johnson and Johnson, 2018).
However, there is limited knowledge on how students in the laboratory setting engage in
cooperative learning elements and how grouping strategies influence their cooperative
learning experience.
Chapter 5 of this dissertation examines cooperative learning in a first-year biology
laboratory. Building on Part 2A, 2B examined for any differences or alignments in
academic performance for students in assigned and self-selected groups by comparing
students' current course grades against their grades in the preceding course, delineating
any group-based and individual assignments differences. The same population of students
from 2A was also examined in 2B for evidence of cooperative learning (CL). CL was
observed as students engaged in extended group work in a biology laboratory course by
employing the Cooperative Learning Observation Protocol (CLOP) (Kern et al, 2007), a
validated observation protocol. There were many similarities between group types but a
greater frequency of cooperative learning elements in the assigned group when controlled
for the instructor and the lab curriculum. Students in assigned and self-selected groups
primarily had similar academic performances. However, when grades were delineated,
assigned groups secured gains in group work beyond the self-selected group suggesting a
marginal positive difference for the assigned group. Study 2B's findings suggested that an
instructor's pedagogical approach may play a critical role in the evidence for cooperative
learning. In particular, the most influenced cooperative learning elements were group
processing and promotive interaction. In combination with findings in 2A, the findings in
2B implies that students require structured group work with scaffolded instructional
support paired with an effective curriculum for reaping the benefits of cooperative
8
learning. Finally, there were more similarities in the evidence for cooperative learning
regardless of group type when considering the aforementioned factors. This work
encompasses the complete manuscript ready for submission: Gonsar, N., Pokorny, A.,
Cotner, S., (2021) Cooperative Learning Groups in a Biology Laboratory Course:
Exploring Elements of Cooperative Learning and Academic Performance (Study 2B)
Ready for submission 7.12.2021 International Journal of STEM Education
Our Research Questions for Study 2B are:
1) What, if any, are the elements of cooperative learning prevalent in self-selected
and assigned groups in an introductory biology laboratory course?
2) How, if at all, does academic performance vary between students in the
self-selected and assigned groups?
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II. LITERATURE REVIEW
Figure 1: Illustrative contextualizing of Science Education using concentric circles.
Science Education is an area of application of Cooperative Learning. Cooperative
Learning is a form of Active Learning and Active Learning is informed by
Constructivism.
Defining and Framing Constructivism in Higher Education
Constructivism views learning as an active process (Dewey, 1916). Social
learning theory (socio-constructivism) is a variant of constructivism, drawing from
philosophers like John Dewey. Below I focus on social learning theory as it concerns
learning science in higher education. I specifically examine the works of Vygotsky for his
social learning perspectives.
In a constructivist approach, learners internally build knowledge structures from
experience, instruction, and prior knowledge foundations (Bransford et al, 1999). As
such, social learning theories require learning to begin from a student's prior knowledge.
For example, in an undergraduate learning space, instructors can set up pre-lecture
questions or clicker questions to investigate students' prior knowledge on the topic at
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hand. Once prior knowledge is known, it is used as the foundation to design instruction
from where students begin their learning process (Handelsmaan et al, 2004).
Building off Dewey's work, social learning theorists rejected the notion of
students as "empty vessels" needing teachers to fill them with knowledge. Instead, they
advocate for students to actively engage in their learning process (Bransford et al, 1999).
In higher education, such forms of learning have manifested in active learning, a diversity
of teaching methods aimed at engaging students in constructing knowledge. Some
examples of active learning in higher education are think-pair-share (Tanner, 2013),
classroom-response systems (e.g., "clickers"; Mayer et al, 2008), and one-minute papers;
worksheets, completed by individual students or in groups; or collaborative group work
through case-studies, problem-based learning or process-oriented guided inquiry learning
(POGIL; Eberlein et al, 2008).
Teaching within a social learning theory approach to learning: Social learning
theorists argue that learning through social interactions is essential for cognitive
development. Therefore, learning is a social phenomenon. Recognizing learning as a
social process was a significant shift from the previously dominant developmental theory
(Tudge, 1993). Within a social context, social learning theorists, including Vygotsky,
advocated that learning is in the interaction of teachers/capable peers with learners
(Vygotsky, 1980). When learning is successful, knowledge is co-constructed, and the
learner progresses towards cognitive development (Vygotsky, 1968).
To demonstrate the collaborative nature of learning, Vygotsky formulated the
zone of proximal development (ZPD). The actual development is the ZPD stage, already
mastered by a student, serving as the inner boundary of the ZPD. A student moves
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towards the potential development stage with the assistance of teachers or through
collaboration with more capable peers. Once students reach the potential development
stage, they encounter the outer boundary of the ZPD. Beyond this stage, the student has
grasped the concepts by internally building cognitive structures leading to the
co-construction of knowledge. In various learning spaces, including undergraduate
education, scaffolding is a common strategy implemented to help learners move across
their ZPD. For example, in an undergraduate interdisciplinary research methods course,
scaffolding was successfully implemented to expose students to various scientific
disciplines and become familiarized with their research methods and design. As a result,
students by the end of the course had developed skills to ask their research questions and
to put together a research proposal, where previously they were unable (Keebaugh et al,
2009).
The apprentice model is the ZPD in action and has manifested in apprentice
research experiences (AREs) and the growing and more available course-based
undergraduate research experiences (CUREs) in the undergraduate space. Apprentice
models relate to small learning communities with specialized roles aimed at
accomplishing goals that relate both to the group and the broader community (Rogoff,
1990). As such, the CUREs model focuses on the nature of the activity and the broader
relevance and meaning of the activities beyond the scientific community. For instance, in
a typical CUREs course, students initially model skills from the instructor or TAs but
become fully participating members of a novel project over time. Thus, students carry out
tasks independently and use scientific practices to engage and discover broad-relevance
projects (Corwin et al, 2014).
12
Social learning perspectives include teaching practices encompassed under the
active learning umbrella (Figure 2). Teaching practices are student-centered, where
learners construct or co-construct their knowledge. Social learning theory emphasizes the
learner's social context, an area where educators can intervene and develop performance
metrics. Approaches grounded in social learning theory offer a road map with discernable
consequences - reflected in the abundance of evidence-based research in this area. As a
result, social learning theories have framed evidence-based teaching practices in higher
education.
Figure 2: Venn diagram of learning theories and active learning methods (Bishop
and Verleger, 2013).
Active Learning: Teaching and Learning in Post-Secondary Education
By definition, active learning is, "instructional activities involving students in
doing things and thinking about what they are doing," (Bonwell and Eison, 1991). At one
end of the active learning spectrum, it can be merely pausing lectures to allow students to
clarify and organize their ideas through discussion with a neighbor. The other end of the
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spectrum can encompass more complex activities, including using case studies as a focal
point for decision making (Brame, 2016).
In the higher education context specifically, "active learning" is a term
encompassing a diverse assortment of teaching practices in which students engage
actively with the course content, instructor, and each other using various activities.
Additionally, active learning practices are characterized by students involved in solving
problems, reading, writing, and discussing (Prince, 2004). Overall, such methods have a
greater emphasis on students' explorations of their attitudes and values than traditional
ways of teaching (Bonwell and Eison, 1991). Specifically, some teaching practices with
these attributes include group discussions, clicker questions, debates, and projects (Miller
and Metz, 2014). These practices aim to involve students in higher-order thinking tasks,
which lead to knowledge construction.
Cooperative Learning: Under the Active Learning Umbrella
In undergraduate science, cooperative learning, under the umbrella of active
learning, is an existing learning strategy that stems from social learning theory (Figure 2).
Learning methods centered around group work are critical for social learning theorists
and have demonstrated increased learning gains in the science undergraduate space
(Johnson and Johnson, 1991; Patrick, 2013).
Cooperative learning: Undergraduate science courses often have at least one
group project during a semester (Tanner et al, 2003). The students in these courses come
with diverse experiences and from a variety of backgrounds. These include students from
high schools across the country and a growing number from outside the United States
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(Singer and Smith, 2013). In addition, these groups of students possess varying levels of
content knowledge and experiences. Collectively, these attributes make cooperative
learning a valuable opportunity in science courses in both lab and lecture.
There is also increasing evidence that activities centered around cooperative
learning increase student learning (Johnson and Johnson, 1991; Beichner et al, 1999;
Ebert-May et al, 2003). For example, two groups learned about chemical bonding in an
undergraduate chemistry course through cooperative learning activities and the traditional
method, respectively. The study concluded that students engaged in cooperative learning
techniques had increased understanding and outperformed students taught in the
traditional methods (Karacop and Doymus, 2013). Moreover, as science undergraduate
students progress within their disciplines and push forward lines of inquiry, they
encounter increased needs to collaborate and access the expertise of various professionals
from a diverse range of backgrounds, making skills garnered from cooperative learning
vital (Tanner et al, 2003).
Cooperative learning involves purposely planned small groups of students
working towards a shared learning goal (Deutsch, 1949a; Bybee et al, 2010). For
example, one study selected groups of three academically heterogeneous students for a
physics course for the duration of a semester. The instructor assigned a specific role to
each group member, rotating the positions for the next assignment to complete various
conceptual and problem-based assessments (Beichner, 1999). The careful selection of the
members aimed to create sustaining group members with interdependent attributes and
with each member tasked to a specific role (Johnson and Johnson, 1991). In cooperative
learning, once groups are successfully selected, the members can form a positive
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interdependence, invested in each other. As an outcome, each student is more motivated
to make an equal contribution to the completion of the academic goal. An instructional
design that promotes positive interdependence is by assigning a component of the overall
grade from the group's performance (Johnson and Johnson, 1991). In cooperative
learning, students also build social skills to function effectively and efficiently as a group.
Additionally, though knowledge is co-constructed with cooperative learning,
individual students are responsible for demonstrating their understanding, as assessed by
the teacher. For instance, in a cooperative learning project within a neurobiology class,
students were evaluated periodically through individually written quizzes. A similar
examination was then completed in learning groups, providing insights into the
knowledge gaps of individuals within a group (Gaudet et al, 2010). Finally, the teacher in
a cooperative learning class can form group members, each of whom possesses various
attributes that strengthen the group's ability to meet the learning goals. A heterogeneous
academic group is a way to heighten students' learning previously familiar and unfamiliar
with the topic (Rewey et al, 1992).
Teaching a unit on introducing evolution by natural selection through cooperative
learning through a social learning approach
Gauging prior knowledge and group selection: One of the fundamental tenets of a
cooperative learning environment demands that groups sustain and contain students of
interdependent attributes. Therefore cooperative groups can be formed towards the
beginning of the semester. One way to create groups is via students of varying levels of
understanding to be in the same group, forming heterogeneous groups (Johnson and
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Johnson, 1991; McInergney and Fink, 2003; Gaudet et al, 2010). A metric to form
heterogeneous groups is through the implementation of a pre-assessment.
The pre-assessment would broadly cover various topics students learn across a
semester to determine their current understanding (cell structure and function, gene
structure and expression, evolutionary processes). Finally, if an instructor teaches a
continued part of a course (i.e., General Biology 1 & 2), the students' performances in the
previous course must be considered. Based on these criteria, the instructor should select
groups of 2-3 students.
Illustrative example of Cooperative Learning Manifestation in the class: To
cement their understanding of natural selection, students conduct an exercise. The
activity tasks group members as the predator, helper (setting up the prey), and the timer.
Once roles are assigned, each group engages in a simulation game with the same prey of
different phenotypes but with various heterogeneous environments. The prey is, of
course, subject to natural selection by the introduction of the predators. Conditions of no
immigration/migration/spontaneous mutation are specified ahead of time. The activity is
time-based, encouraging students to coordinate and communicate effectively with each
other.
Predation occurs every generation, with group members switching roles for each
event. The assigned roles remain procedural and not based on student ability. Once
multiple rounds of predation and reproduction of prey have occurred, students work
together on structured questions assigned by the instructor. A structured question is a
form of scaffolding technique beneficial in guiding students towards their potential
development.
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The students work together on completing the questions. The questions should
deduce student understanding about natural selection as derived from the activity. By
doing so, students are invariably co-constructing knowledge by drawing their knowledge
from the simulation to their overall understanding of natural selection. In addition,
engaging in the activity and working together on the questions allows the student to build
social skills and work cohesively as a group.
Before the activity starts, instructors inform the students that they will receive a
collective grade for the group. A collective group grade is essential to increase the
interdependence within the cooperative group. Additionally, instructors can also gauge
each student's understanding by following up with an individual quiz. If students
successfully constructed their understanding of natural selection, they will have reached
the outer bounds of the ZPD by working as a group.
Teaching informed by social learning theory will use scaffolding techniques to
help students gain mastery and for the learner to discern implications of their
co-constructed knowledge in the broader community (Sanders and Welk, 2005). To
accomplish this, an instructor may share a video on antibiotic resistance, including its
manifestation and effects in the world. The instructor will then pose an abstract question
requiring the group to demonstrate how antibiotic-resistant bacteria arise. Next, students
in the same groups explore the question. Finally, while working together as a group,
students utilize their understanding of natural selection and their prior knowledge of
prokaryotes to arrive at an explanation.
In the meantime, teachers are walking around each group. When needed, teachers
use other scaffolding techniques such as prompts or questions. According to social
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learning theory, the interactions between peers, learners, and instructors are happening
within the ZPD. Therefore learning is taking place. Once students have gained mastery,
they can demonstrate their understanding through problem-solving skills (Vygotsky,
1980). To test for this, an instructor can verbally ask a problem-solving question such as,
"Create a proposal as a researcher to reduce bacterial strains resistant to the drug?"
Being able to demonstrate problem-solving skills demonstrates mastery of the topic.
Study 2 Approaches and Methodology: A Deeper Dive
Survey Items Validation via the Think-Aloud Protocol
Think-aloud is a type of validity testing (Charters, 2003). It asks respondents to
read through an instrument such as a survey and discuss out loud how they interpret the
questions and how they would arrive at their responses. Survey instruments can provide a
reliable response. The questionnaires in a survey can provide numeric and textual
directions of trends, attitudes, and opinions of the population by studying a population
sample (Creswell, 2009). From the sample results, we can describe trends in attitudes and
behaviors by gathering data from the sample, analyzing the data to identify average
opinions, the prevalence of behaviors, or the range of individuals' attitudes. By doing so,
we are making certain generalizations about the population at large. However, without
validating, participants can respond to a survey but can interpret the survey items
differently from those who designed the study.
The think-aloud technique requires research participants to verbalize their
thoughts and perceptions while they engage with the survey (Charters, 2003). As the lead
researcher, I probed the participants on their reasoning for selecting a particular response
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while filling out the survey items. As participants detailed their reasoning, I wrote down
precisely what was said by each of the participants. The think-aloud technique is
particularly useful in determining whether participants interpret the survey questionnaires
the same way intended by the researchers.
While conducting a think-aloud technique, I listened to how the participants think
about the questionnaire's instructions and the survey items. I paid particular attention to
whether any of the questionnaire items were confusing or threatening. I asked
participants to tell me when they reached an item that was difficult to understand and then
asked them to paraphrase what they believed the problem item was stating or asking. I
made sure all the participants understood the survey items in the same way.
Early research recognized that five participants could detect 80% of survey
usability problems (Virzi, 1992). Of the five, the first three will discern most of the
usability problems, and beyond that, there are gradual diminishing returns. To meet this
criterion, I had five participants and ensured that the participants selected in the
think-aloud sessions are similar to the survey participants.
Below is a summary of the think-aloud protocol steps I utilized for the pre and
post-semester survey (Willis et al, 1991; Anderson, 2004; Stone et al, 2011).
● Informed the participants that the purpose of the think-aloud protocol is to
evaluate the survey aloud, not just complete it.
● Probed participants as they thought aloud about each item. I asked questions of
the participants that include:
1. What do you think this question is asking you?
2. How do you think you would answer the question?
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3. Is this question confusing?
4. What does this word/concept mean to you?
5. Is there a different way you would prefer to respond?
● Asked participants 3 reflective questions as they reached the end of the survey.
They included, a) Looking back, does anything seem confusing? b) Is there
something in particular you hoped was going to be asked but wasn’t? c) Is there
anything else you feel I should know to entirely understand this topic?
Qualitative Coding
Though approaches differ across researchers, all data that are analyzed
qualitatively follow the same essential steps. These include coding the data, combining
the codes into broader categories, and representing the data in figures and tables,
incorporated in a discussion (Creswell, 2018). Qualitative coding analyzes and interprets
textual data within a study (Miles and Huberman, 1994).
First cycle coding: For the first cycle of coding, I used an inductive in vivo
method, generating coding from the words or phrases used by the participants (Strauss,
1987). In vivo coding is particularly useful for studies that prioritize and honor the
participants' voices. It is a form of initial coding employed commonly during a grounded
theory approach but can be used for qualitative coding in general. Therefore, I used in
vivo coding as the sole coding method for the first data analysis cycle.
Reading through the transcript, I attuned myself to words and phrases that call for
bolding, underlining, italicizing, highlighting, or vocal emphasis. If the exact words or
phrases or variations thereof showed up frequently, it likely merited a code. I stuck to the
traditional approach of generating in vivo (or other) codes via a line-by-line approach.
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The goal of developing in vivo codes is to, "help us (researchers) preserve participants'
meanings of their views and actions in the coding itself," (Charmaz, 2006, pg 55).
Second cycle coding: Upon completing the first coding method via in vivo coding,
I implemented the second cycle of coding methods. The second cycle of coding is a way
of organizing and re-analyzing data coded through the first cycle method, requiring
"...linking of seemingly unrelated facts logically, of fitting categories one with another to
develop coherent meta-synthesis of the data at hand," (Morse, 1994). Therefore, I
developed categories from the array of the first cycle codes through the second cycle
coding.
Steps for second cycle coding: First cycle codes are reorganized and reconfigured
to eventually develop a smaller and more select list of broader categories, themes, and
constructs (Saldana, 2009). For my study, I implemented pattern coding as my second
cycle coding method. Using the pattern coding, I developed categories identified from the
open responses (Miles and Huberman, 1994).
To code the open-ended responses from our study, I read and then reread all the
open-ended responses (Agar, 1980). The following are three examples of open-ended
questions from our research that required qualitative coding:
1. Please explain your overall perceptions of the utility of group work.
2. Please explain your typical approach to group work.
3. Please specify any concerns you have about working in a group.
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In summary, I reviewed the purpose of the survey questions and what I want to
find out from the responses. I implemented two cycles of inductive codings in vivo for
the first cycle and pattern coding in the second cycle to best explore the responses. First, I
read through the text and identified issues that recur in the data. These became our codes.
This approach allowed codes to emerge from the data. Next, I organized the data into
codes for every question while examining patterns and connections within and between
the questionnaire codes. I then highlighted variations and assessed the areas where
categories differed. I also identified the key ideas expressed within the codes and the
categories. Finally, I determined how participants responded similarly to each other and
how their responses varied. To recognize which categories are most common across
responses, I counted the number of times particular codes and categories come up. These
counts provided an estimate of relative importance, revealing the general patterns in the
data.
Research Approach: Mixed Methods
Mixed methods allow  for  a deeper  understanding  of  the  problem/issue  than  a 
 single  method study  allows  for  alone (Morse,  2003). Mixed methods were first
implemented in 1959 by Campbell and Fisk in studying data validity in psychological
traits. An initial rationale for utilizing mixed methods was in recognizing the limitations
of all methods. Furthermore, mixed methods came to be viewed as a neutralizing factor to
the biases of a single method (Jick 1979). Since then, other disciplines, including
educational research, have employed mixed methods. In academic research, mixed
methods have primarily used field method approaches, such as interviews and
observations combined with traditional surveys (Sieber, 1973).
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There are currently three main strategies for mixed methods. These include
sequential, concurrent, and transformative mixed methods. Sequential mixed methods
allow a researcher to expand on the findings of one method with another. There are
variations within this strategy that enable the research to begin with a qualitative
approach and generalize it with a quantitative approach or vice-versa to understand the
data collected.
A convergent mixed-method is ideal for Study 2. A convergent mixed method
allows a researcher to simultaneously collect both data sets (qualitative and quantitative)
to provide a holistic understanding of the research problem (Figure 3). With this strategy,
the qualitative data can be embedded within a quantitative study or vice versa, depending
on the research questions (Clark and Creswell, 2014).
Figure 3: Illustration of a convergent mixed-methods research approach. The
proposed study entails an equal contribution of qualitative and quantitative data to
explore the research question(s) (Clark and Creswell, 2014).
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III. GRADUATE AND UNDERGRADUATE STUDENT
PERCEPTIONS OF AND PREFERENCES FOR
TEACHING IN STEM CLASSROOMS
Introduction
STEM higher education is undergoing rapid change, driven by an increase in the
number and diversity of students, digitalization and globalization, and shifting demands
from policymakers and society at large (Shin and Harman, 2009; Brewer and Smith,
2011; Olson and Riordan, 2012; Graham et al, 2013). Simultaneously, research into
evidence-based pedagogy has revealed that traditional, lecture-based teaching is not only
ineffective overall, but disproportionately disadvantages women, first-generation
students, and students from underrepresented groups (Haak et al, 2008; Ballen et al,
2017; Theobald et al, 2020). As a result, instructors are encouraged to teach using
evidence-based approaches that increase student motivation, collaboration, and
metacognition, all of which influence students’ learning and course performance in
STEM (Council, 2003; Glynn et al, 2011; Tanner, 2013a). These challenges and
expectations directly impact instructors, who may lack the time, funds, and extrinsic
motivators to think deeply and scientifically about teaching (Miller and Metz, 2014;
Gormally et al, 2016; Patrick et al, 2016).
Evidence-based teaching is an umbrella term that includes active learning and
other teaching practices shown to positively impact student learning (Felder et al, 2000;
Owens et al, 2017). Active learning is itself a catch-all phrase, derived from
constructivism, a learning theory that proposes that students learn by constructing their
own knowledge (Freeman et al, 2014). Within a constructivist framework, learning is an
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active process and builds on experience, instruction, and the foundations of prior
knowledge (Bransford and Schwartz, 1999; Prince, 2004). In practice, active learning can
include small-group discussion (Tanner, 2013b), classroom-response systems (e.g.,
“clickers”; Cotner et al, 2008), one-minute papers and worksheets, completed
individually or in groups, and collaborative group work (e.g., via case-studies,
problem-based learning, or process-oriented guided inquiry learning [POGIL] (Eberlein
et al, 2008). Through engagement in active learning practices, students remain an integral
part of the learning process by building meaning and constructing knowledge (Prince,
2004).
Despite the evidence in support of active learning (Freeman et al, 2014), lecturing
remains a pervasive feature of STEM teaching (Akiha et al, 2018; Stains et al, 2018).
Some faculty may choose to lecture because they are not convinced that active learning is
effective (Silverthorn et al, 2006; Michael, 2007). Other instructors value active learning
(Patrick et al, 2016), but refrain from integrating active learning techniques, citing an
array of barriers including the time needed to prepare “activities” (Brownell and Tanner,
2012), lack of training in effective teaching techniques, lack of time for content coverage
(or, the loss of lecture time), perceived lack of student buy-in (Cavanagh et al, 2016;
Owens et al, 2017; Deslauriers et al, 2019), or the concern that their classes are
prohibitively large for active learning (Silverthorn et al, 2006, Patrick et al, 2016). In this
work, we focus on one of these perceived barriers—a lack of student buy-in to active
learning pedagogies.
A significant predictor of active learning implementation and engagement with
teaching practices is the faculty and students' buy-in, (Cavanagh et al, 2016; Madson et
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al, 2017). Faculty often fear student resistance to active learning (Silverthorn et al, 2006;
Seidel and Tanner, 2013), impacting the classroom environment and their evaluations by
students (Henderson et al, 2018). Although these evaluations are flawed (Uttl et al, 2017;
Carpenter et al, 2020; Stroebe, 2020; Wang and Williamson, 2020) they remain
meaningful to the faculty for merit pay, promotion, and tenure. We also recognize that
student preferences do not always mirror the practices that lead to the most learning gains
(Deslauriers et al, 2019) which is also reflected by work at our own institution (Cotner et
al, 2008; Walker et al, 2008). Student resistance can be lowered with evidence, and
previous studies have examined student perceptions of active learning in individual
undergraduates (Bransford and Schwartz, 1999; Machemer and Crawford, 2007; Smith
and Cardaciotto, 2011; Brazeal et al, 2016; Cavanagh et al, 2016, 2018; Patrick et al,
2016; Brown et al, 2017; Cooper et al, 2017; England et al, 2017; Owens et al, 2017;
Brigati, 2018; Mcmillan et al, 2018) or graduate (Lopez and Gross, 2008; Jones et al,
2010; Tune et al, 2013a; Miller and Metz, 2014) courses. Although the opinions of
individual students may differ, as a whole, both graduate and undergraduate students in
individual STEM courses reported neutral through very positive perceptions of and
preference for active learning teaching practices (Patrick, 2020). These studies provide
valuable insight into how students view these teaching practices. However, these were
studies of specific courses, and active learning implementation was controlled or its
practice known to the researchers. As a result, it remains unknown if the findings
represent student perceptions and preferences within a broader context.
Few studies have examined student perceptions of and preferences for teaching
practices across STEM disciplines, where active learning remains limited, and student
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resistance is often a perceived barrier (Patrick et al, 2016, 2018). Patrick et al, (2016) and
Patrick et al, (2018) examined student perceptions of active learning and other teaching
practices among science college departments of a large research-intensive university in
the southeastern United States. Using a modified survey (Miller and Metz, 2014),
students were asked to estimate the amount of their science class time devoted to active
learning and state the amount of time students thought should be dedicated to active
learning. These studies also prompted students to rank six broad teaching practice
categories most effective for their learning. Compared to graduate students,
undergraduates reported less active learning in their classes. Nevertheless, both groups
wanted more active learning than currently experienced (Patrick et al, 2016, 2018,
Patrick, 2020). These studies used broad categories of teaching practices, making it
impossible to interpret student perceptions of and preferences for specific teaching
practices like think-pair-shares (Kaddoura, 2013). However, we can leverage student
attitudes of particular teaching practices to increase faculty willingness towards such
activities. Also, gauging the perceptions of different student populations is essential to
learn how active learning and other teaching practices can be generalized in different
contexts (Patrick, 2020).
As we have stated above, similar works in different higher educational contexts
have not explored student attitudes towards particular teaching practices. To address this
gap in knowledge, we surveyed students in three STEM-focused colleges at one large
university in the midwestern United States to determine their experiences and perceptions
of specific teaching practices. We compared student perceptions of the teaching strategies
employed in their undergraduate and graduate-level courses to detect whether students
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valued different pedagogies at different stages of their education (i.e., undergraduate or
graduate). We also compared the alignment between experienced and desired teaching
practices in both undergraduate and graduate-level courses. Through our study, faculty
and other stakeholders can be more fully informed and understand the instructional
choices and student preferences throughout the STEM curriculum.
Research Questions
The main questions guiding this work were:
1) How do undergraduate and graduate students perceive the teaching practices in
their curricula? Specifically, which teaching practices do undergraduate and
graduate students experience and which do they prefer?
2) Are there notable differences in undergraduate and graduate perceptions regarding
the implementation of active learning in their courses?
Materials and Methods
Institution and Study Participants
Our institution is a large land-grant university in the Midwest, serving 32,000
undergraduate and 16,000 graduate students. There are three central STEM Colleges: the
College of Biological Sciences (CBS), the College of Science and Engineering (CSE),
and the College of Food, Agriculture, and Natural Resource Sciences (CFANS). There is
a total of 27 departments in these Colleges, with an aggregate enrollment of 12,096
students at the time of survey distribution. We were interested in comparing STEM
undergraduate and graduate student experiences with active learning. Accordingly, any
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student enrolled in a degree program in either of the three STEM Colleges was in our
target population.
Survey Instrument
Because we were interested in student perceptions of and preferences for specific
teaching practices and active learning in general, we combined items from several
existing survey instruments (Miller and Metz, 2014; Patrick et al, 2016; DeMonbrun et
al, 2017). We asked all students to identify the largest STEM course they had taken in the
preceding semester and to estimate the number of students enrolled. We asked this to
encourage students to think about a single large-enrollment course and make the response
sets more similar in the types of courses evaluated. For undergraduates, such large
courses are often considered “gateways” to STEM majors and have received considerable
attention from discipline-based education researchers (Barr et al, 2008; Xie et al, 2015;
Witherspoon et al, 2019). For graduate students, a question on their largest course is
likely to prevent them from considering a seminar or dissertation-credit course in their
responses. For the identified course, we asked students how often the course instructor
used specific teaching practices (Table 1). Most of the teaching practices included in the
instrument were taken directly from the Student Response to Instructional Practices
(StRIP) instrument (DeMonbrun et al, 2017). We modified two practices for clarity and
added three known teaching practices at our institution (Table 1). For each teaching
practice, students responded to the prompt: “Please indicate how often each activity was
done in the largest science course you took this semester.” Frequency options were:
Never or almost never (0-10% of the time) (scored as 1); Seldom (11- 30% of the time)
(scored as 2); Sometimes (31-50% of the time) (scored as 3); Often (51-70% of the time)
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(scored as 4); Very often (71-100% of the time) (scored as 5). These options differed
from those in the original StRIP to better align with the question about how much class
time they think is and should be devoted to active learning included in our study. For
each teaching practice, students were asked, “How often would you like to do each
activity in an ideal course you would take as a student?” Response options were: Much
less (scored as 1); Slightly less (scored as 2); About the same (scored as 3); Slightly more
(scored as 4); Much more (scored as 5).
We also provided the students with a definition of active learning (Miller and
Metz, 2014). After reading the definition, students estimated the percentage of class time
typically devoted to active learning and how much time they think should be devoted via
an open-ended response. Students also reflected on their experiences with active learning:
“Please describe your experiences with active learning in the classroom.” Finally, we
asked students to report their status (graduate or undergraduate).
Our study design and survey instrument were approved by our institution’s IRB (approval
#STUDY00002261).
Table 1. Teaching practices included in the survey instrument and their source.
Question
number Teaching practice Source
Q1 Listen to the instructor lecture during class StRIP
Q2 Brainstorm different possible solutions to a given problem StRIP
Q3
Find additional information not provided by the instructor to complete
assignments
StRIP
Q4 Work in assigned groups to complete homework or other projects StRIP
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Q5 Make individual presentations to the class StRIP
Q6 Be graded on class participation StRIP
Q7 Study course content with classmates outside of class StRIP
Q8 Assume responsibility for learning material on own StRIP
Q9 Discuss concepts with classmates during class StRIP
Q10
Get most of the information needed to solve the homework directly from
the instructor
StRIP
Q11 Be graded based on the performance of a group StRIP
Q12 Preview concepts before class by reading, watching videos, etc. StRIP
Q13 Solve problems in a group during class StRIP
Q14 Solve problems individually during class StRIP
Q15




Verbally answer questions posed by the instructor during class after
consulting with a classmate (think-pair-share)
Current work
Q17
Answer questions posed by the instructor during class using a student
response system (clickers, TopHat, etc)
Current work
Q18
Answer questions posed by the instructor during class using a student
response system (clickers, TopHat, etc) after consulting with a classmate
(think-pair-share)
Current work
Q19 Ask the instructor questions during class StRIP
Q20 Take initiative for identifying what is necessary to know Modifiedfrom StRIP
Q21 Watch the instructor demonstrate how to solve problems StRIP
Q22 Solve problems that have more than one correct answer StRIP
Q23 Do hands-on group activities during class StRIP
Note. Students were asked how often each teaching practice occurred in their largest
STEM course and how often they would like each teaching practice to occur.
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Survey Distribution
During the Spring 2018 semester, we contacted college administrators to obtain
lists of current graduate and undergraduate students enrolled in the STEM colleges. We
used the Qualtrics platform to distribute the survey and collect responses. We offered the
first 100 respondents a $5 coffee card as an incentive to complete the survey. The survey
was open for a total of two weeks. Two reminders were sent to students who had not yet
completed the survey‒one week and one day prior to the close of the survey.
Data Analysis — Quantitative
Responses were downloaded to Microsoft Excel from Qualtrics and de-identified
by a researcher not otherwise affiliated with this project. We removed incomplete
de-identified responses or those reported by individuals under the age of 18. Graduate
and undergraduate student responses were analyzed separately. Significant differences
between graduate and undergraduate students for activities desired and experienced were
determined using the Mann-Whitney U Test. The Mann-Whitney test is most appropriate
for ordinal data that deviates from a normal distribution (MacFarland et al, 2016). All
data were analyzed using Sigma plot 14.0, the ggplot2 package for R, and RAWGraphs
(Team, 2013; Wickham, 2016; Mauri et al, 2017).
Data Analysis — Qualitative
Seven hundred sixty-eight students responded to the open-ended prompt, “Please
describe your experiences with active learning in the classroom.” Two coders, trained in
invivo coding (Saldaña, 2009), read student responses, unaware of whether a graduate- or
undergraduate-level student wrote the response. In an initial meeting, the coders
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identified consensus categories; afterward, they identified the following emergent
categories (along with associate sub-categories) from the student responses: Positive
About Active Learning (active learning a) makes the class engaging, b) is beneficial, c)
helps with content retention, d) builds community and e) prepares for real-world work
environment); Negative About Active Learning (active learning a) limits individual
thinking and learning, b) professor does not implement active learning approach
correctly, c) should only be used in particular fields and d) current active-learning
methods are a “waste of time”); and Constructive (active learning a) works when people
are prepared to collaborate b) only works in smaller classes, c) effective active learning is
desirable, and d) works well when supplemented with other methods. Upon the
generation of a sub-categories codebook, each coder coded the same randomly selected
10% of the comments to establish interrater reliability. Cohen’s Kappa (κ) is a robust
statistical approach for testing reliability while accounting for chance agreement between
two raters. The raters received a κ =.87, considered a strong agreement on the Kappa
scale (Cohen, 1960). Once reliability was established, we divided the remaining
responses among the two coders. When the coding was completed, the sub-categories
were tallied, and the responses were decoded to allow for comparison between graduate
and undergraduate student responses.
Results and Interpretation
Participant Attributes
In total, 1274 undergraduate (n=1113) and graduate (n=161) students completed
the survey (Table 2). Nearly equal numbers of first-year, second-year, third-year, and
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senior undergraduates responded, which together greatly outnumbered the graduate
respondents. Respondents who identified as female outnumbered respondents who
identified as male while 14 stated Other and 136 students opted to skip the question. The
mean class sizes reported by graduate and undergraduate students were 39 and 178
students, respectively, for their largest science course.















Teaching and Learning Practices Experienced by Students
Of the 23 teaching practices included in our survey, all students identified
instructor lecturing (Q1) as the most common teaching practice in their courses, which
occurred, on average, very often (Fig. 4A). This finding is consistent with other studies,
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which demonstrate that STEM classrooms are dominated by teacher-centered pedagogy
with lecturing as the primary mode of instruction (Akiha et al, 2018; Stains et al, 2018).
Graduate and undergraduate students also identified four other practices that, on average,
happened often in their largest STEM courses: assuming responsibility for learning the
material (Q8), getting homework information from the instructor (Q10), taking the
initiative in deciding what is necessary to know (Q20), and watching the instructor
demonstrate how to solve problems (Q21; Fig. 4A). These results suggest that all students
experienced teaching and learning practices that were dominated by direct
faculty-to-student, teacher-centered instruction.
A. B.
Figure 4: Box and whisker plots comparison of the most and least common
instructional practices reported by graduate (n=161) and undergraduate (n=1113)
students in STEM classrooms. (A) Most frequently experienced activities, and (B)
Least frequently experienced activities. Triangles indicate mean values. *indicates
p-values < .05. Activities displayed are the five most and least desired. A reported sixth
activity in panel B reflects the ranking misalignment between graduate and undergraduate
students.
The teaching practices experienced by students least often were all active learning
techniques, but these differed between undergraduate and graduate students.
Undergraduates identified individual student presentations (Q5) as the least performed
instructional practice (Fig. 4B). This finding is not surprising due to time constraints in
large-enrollment courses. Teaching activities that entail direct feedback from instructors
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were also infrequently experienced. For example, students seldom experienced answering
questions using student response systems—either directly or following a consultation
with a classmate (Q17 and Q18; Fig. 4B). However, studies have demonstrated that
students using student response systems in large classrooms are more engaged than those
that do not use clickers (e.g., Mayer et al, 2008). Moreover, students retain more material
on exam units covered in lessons that incorporate clicker activities (Crossgrove and
Curran, 2008). Hands-on group activities and answering questions posed by the instructor
were also uncommon practices in undergraduate courses (Q23 and Q15; Fig. 4B).
Graduate students reported the use of student response systems (i.e. Top Hat,
clickers), both in isolation or following consultation with a classmate (think-pair-share),
as the least common activities experienced in their courses (Q17 and Q18; Fig. 4B). We
suspect that graduate-level instructors may be less inclined to use a classroom response
system given the smaller class sizes of such courses. Giving individual presentations
(Q5), answering questions verbally in the classroom (Q14), and solving problems that
have more than one correct answer (Q22) were also infrequent in graduate courses (Fig.
4B).
Our findings for how often all 23 teaching practices were experienced by students
in our sample can be found in the lower panel of Fig. S1.
Teaching Practices Preferred by Students
Undergraduate and graduate students desire significantly more class time for
active learning pedagogies than they are experiencing (Fig. 5). On average,
undergraduate students reported 31% of class time was currently being devoted to active
learning and that 36% of class time should be devoted to active learning. Graduate
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students reported that significantly less class time, 25%, was currently devoted to active
learning and that 36% of class time should be devoted to active learning (Fig. 5). These
findings suggest that both groups of students want more active learning in their
classrooms than currently experienced and desire a similar amount (~36% of class time)
dedicated to active learning. Overall, most students have positive perceptions of active
learning and perceive the benefits and/or utility of these practices. However, both student
populations still valued listening to lecture (Fig. 7).
Figure 5. Box and whisker plots of the percent of class time graduate and
undergraduate students think is currently (“Current”) and should be (“Best”)
devoted to active learning. Students were provided a definition of active learning
(Miller and Metz, 2014) and via an open-ended response, asked to estimate the amount of
class time typically devoted to active learning and how much time they think should be
devoted to active learning. Triangles indicate mean values. *indicates p-values < .05.
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Specifically, undergraduate students preferred instructional practices that involve
peer-assisted learning and direct feedback from instructors (Fig. 6A). For undergraduate
students, the top five most desired teaching practices were watching the instructor
demonstrate how to solve problems (Q21), getting homework help directly from the
instructor (Q10), brainstorming different solutions (Q2), studying course content with
classmates outside of class (Q7), and asking the instructor questions during class (Q19).
These preferences reflect that students value a variety of teaching strategies in their
classrooms. For instance, students’ understanding of conceptual questions increases after
discussion with classmates regardless of students’ initial knowledge of the answer (Smith
et al, 2009). Undergraduate students also valued peer-assisted learning outside of the
classroom and discussing course concepts with peers. These meaningful peer interactions
outside of the classroom lead to gains in students’ cognitive development (Jones et al,
2008) Similarly, graduate students’ most desired forms of instruction included watching
the instructor demonstrate how to solve problems (Q21), brainstorming solutions (Q2),
asking the instructor questions during class (Q19), discussing concepts with classmates
(Q9), and getting help from the instructor with their homework (Q10; Fig. 6A).
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Figure 6. Box and whisker plots of the most and least desired instructional practices
reported by graduate (n=161) and undergraduate (n=1113) students in STEM
classrooms. (A) Most preferred activities. (B) Least preferred activities. Triangles
indicate mean values. *indicates p-values < .05. Activities displayed are the top five most
and least desired. Reported additional activities reflect the ranking misalignment between
graduate and undergraduate students.
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For undergraduate students, the five least desired forms of instruction were
finding additional information not provided by the instructor (Q3), being graded based on
the performance of a group (Q11), assuming individual responsibility for the learning
material (Q8), making individual presentations to the class (Q5), and being graded on
class participation (Q6; Fig. 6B). The least desired instructional practices were similar for
graduate students: being graded on group performance (Q11) or class participation (Q6),
finding additional information not provided by the instructor to complete assignments
(Q3), working in assigned groups (Q4), and listening to the instructor lecture during class
(Q1; Fig. 6B). Other studies have also found that undergraduate students felt unprepared
to evaluate the value and importance of information and the work of others (Owens et al,
2017) and were often resistant to working collaboratively when their grades were on the
line (Machemer and Crawford, 2007; Patrick et al, 2016; Owens et al, 2017). It is
noteworthy that graduate students also disliked these teaching practices because in many
ways these are vital elements of modern scientific practice. Using transparent grading
rubrics, making expectations clear, and using best practices when assigning group work
may help to increase student buy-in. The results for all 23 teaching practices can be found
in the upper panel of Fig. S1. Although the mean values vary, the median desired level of
each teaching practice mostly centered around about the same.
The summary statistics above highlight the trends in the data, but they also mask
important variation that lends insights into student perceptions of active learning. Fig. 7
illustrates the variation in responses for three example teaching strategies (responses for
the remaining teaching strategies can be found in S2-S21 Figs). As reflected in Fig. 5,
most students experienced lecturing (Q1) the majority of the time. Very few students
41
reported experiencing courses in which 70% or less of the time was devoted to lecture.
Overall, students desired lecture about as much as they were currently getting (Fig. 7).
This interest in lecture may seem counter to the documented benefits of active learning
teaching practices (Freeman et al, 2014), however, a deeper look at the data gives the
story more nuance.
Figure 7. Alluvial plots of how often students reported experiencing a teaching
practice and how much that teaching practice is desired for graduate students (left
column) and undergraduates (right column). The vertical bars are the experienced
frequency (left) and the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia,” or lines between columns, indicate
how often students reported experiencing a teaching practice (left side of each graph) and
how much that teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question; 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
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the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time). Less=a combination of Much less and Slightly less desired;
Same=About the same; More= a combination of Slightly more and Much more desired.
For example, approximately equal numbers of students reported that discussing
concepts with classmates during class (Q9) happened never or almost never through very
often (Fig. 7). Despite a median desired value of same (Fig. 6A), this particular active
learning teaching practice was desired more often by a substantial number of students;
very few students who never or almost never experienced this practice wanted less of it
(Fig. 7). Answering questions posed by the instructor using a student response system
after consulting with a classmate (Q18) was experienced never or almost never by the
vast majority of the students in our sample (Fig. 7), and while the majority of students
desired this teaching practice about the same amount, a sizeable proportion wanted more
and fewer still wanted less (Fig. 7). Similar trends are evident for most of the remaining
20 teaching practices (S2-21 Figs).
The data above demonstrate that while many students value lecture, they also
desire active learning practices, suggesting the students in our study “buy-in” to active
learning—that is, they perceive it as valuable. However, we also found that no single
teaching practice was universally desired – or not desired – suggesting to us that
educators should employ a variety of active learning teaching practices in graduate and
undergraduate classrooms alike.
Student Perceptions of Active Learning Based on Free-Response Items
Seven hundred sixty-eight students answered the prompt, “Please describe your
experiences with active learning in the classroom.” We analyzed all the responses, which
include 104 graduate and 664 undergraduate student responses. We identified these
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responses by the categories and subcategories described in the methods. Sample
comments are included, along with the total number of responses in each category, in
Table 4. Each student response was coded, line by line. As a result, some responses were
a combination of values under the three categories. For example, 64% (422/664) of the
undergraduate responses were in a single category, 29% (193/664) in two, and 7%
(49/664) were in three categories. Likewise, 72% (75/104) of graduate responses were in
a single category, 21% (22/104) in two, and ~7% (7/104) were in three categories. For
both graduate and undergraduate students, most responses were in a single category. In
Table 3, we provide an example of a response coded for more than a single category.
Table 3. Student response coding template/example.
Please describe your experiences with
active learning in the classroom: Categories Subcategories
I currently have my biology class in an active
learning classroom and one professor knows
how to use the active learning classroom and
it really benefits all the students, but the other
doesn't know how to use it properly and I
learn less from him than I do in a normal
lecture without active learning.
Positive: 1.  Active Learning isBeneficial
Negative:
1.  Professor does not
implement active learning
approach correctly
Table 4. Categories (Positive, Negative, and Constructive) and subcategories
identified in student responses to the prompt “Please describe your experiences with
active learning in the classroom.”




“I personally prefer active learning in the classroom.
It's difficult for me to focus during long lectures so
having an activity to direct my attention to helps me
better apply the material I have learned and
understand what I need improvement on.” (85)
“Active learning broke the class into small groups to
work on a problem together. I felt I got to use the
material rather than passively take it in…” (14)
Active learning
is beneficial
“In a previous math class, there was a significant
amount of active learning, with very engaging
exercises and significant in-class participation.
Although I was off-put at first by how different the
class was at first, I feel now as though I retained and
“Even graduate students benefit from active learning
so I wish it was used more in these higher level
courses!” (62)
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ultimately was much more successful in that course






“When implemented correctly (not just
clicker-question based), I find active learning to be
helpful and good for long term information retention.”
(88)
“Active learning classrooms are harder but I do retain
and learn the information much better and still recall




“[Active learning] can be a great way to connect with
other students and build community.” (56)
“[Through active learning], I got to know my






“I do not necessarily enjoy active learning and I often
hate working in groups, but I understand that it is an
important skill to learn and I understand why active
learning is important.” (9)
“Active learning is essential as it helps to understand
the concepts, retention of information and how to use





“Active learning doesn't help me, personally, in the
classroom. I learn best by watching, taking notes,
and reviewing and quizzing myself on the material
on my own time. I like things like clickers, to make
sure I understand a concept, but otherwise,
non-lecture classrooms keep me from focusing on
what I need to learn.” (75)
“I am not a person that functions well in group
settings. I learn much better by figuring out the
problem on my own and discussing questions at my







“Sometimes it's helpful, sometimes it's not. It really
depends on the engagement of the professor with
the students and the discussions between group
members.” (117)
“We are paying a lot of money for the expertise of the
instructors and their presentation of the information
through a traditional lecture. Active learning is guided
in concept. But in practice it is mostly the students
teaching themselves. And if I wanted that, to teach
myself, or learn from other clueless students, I either






“In the introductory courses, I found active learning
to be a great way to learn concepts through practice.
However, while I have enjoyed its usage as a
teaching method, I feel that active learning may not
be the best teaching/learning strategy for every
course” (25)
“I feel as though active learning is appropriate for
some classes, but not in others. Sometimes I
understand lecture material better when it is simply
presented by the teacher, and other times active
learning is necessary to better understand concepts. I





“Active learning is so terrible. [Name of College]
thinks it is the best thing in the universe, but there
really is no benefit besides me hating my group.
also, that basically means the professors don't
actually have to teach, which means no learning is
done besides busy work.” (98)
“Once you get to high-level (graduate-level) courses,
these [active learning techniques] become a waste of
time. You no longer need to "trick" highly motivated






“if a professor is not prepared well, it does not go
well. If other students are not participating, it does
not go well.” (50)
“In general, however, the best types of active learning
for me are those that require me to work with the
material independently (problem sets, games, written
reflections, etc), and not necessarily debates or
discussions. However this is mostly because I can't
rely on my peers to have done enough homework or





“I have enjoyed the use of active learning in all my
science classes especially the smaller classes. In my
largest class it did feel like more of a way to track
attendance and get points than to actually learn the
material.” (16)
“I do NOT like activities for the sole purpose of having
'active learning...The active learning I did enjoy
occured in small classes, when either questions were
encouraged during lectures or we had to solve cases
as a class with the professor as a resource.” (3)
Effective active
learning is
“I don't like how active learning is done currently in
class, but I think the idea has potential. If it didn't
involve so much busy work or multitasking I would
“The combination of very well-presented thorough
material and explanations in lectures with a couple
minutes (i.e. short activities) to work with the
45
desirable love it a lot more. Additionally, I don't think active
learning should replace lectures, but instead work
along side them.” (116)
concepts/material independently was much, much,






“When students have to go to several lecture based
classes during the day, it is easy for them to start
tuning out the teacher. If active learning were used in
addition to the lecture, it would be harder for
students to tune out because they have to be
listening in preparation for an activity being done
later in the class. Class time would be more
enjoyable and engaging if some element of active
learning were involved.” (75)
“I think active learning can be useful, however, I think
the combination of traditional lectures and labs
accomplishes the needs of active learning. Often,
active learning activities in the classroom don't result
in the creation of useful documentation that can be
consulted before exams” (6)
Note. Number of responses in each subcategory are included in parentheses after a
sample comment.
The three overarching categories are Positive (in which the student is voicing an
appreciation for active learning); Negative (in which the student is unambiguously
negative); and Constructive (in which the student suggests the conditions under which
active learning can be useful). We identified overwhelmingly positive codes for both
graduate and undergraduate student responses, followed by negative and constructive
codes (Table 5).
Table 5. Code sum total of identified categories.
Group Type Positive Negative Constructive Sum
Undergraduate 618 315 257 1190
Graduate 100 36 34 170
Five Positive subcategories emerged—active learning a) makes the class
engaging, b) is beneficial, c) helps with content retention, d) builds community, and e)
prepares for a real-world work environment (Table 4). Over half of both the graduate
(62/104) and the undergraduate (380/669) students expressed a positive impression of
active learning (subcategory “active learning is beneficial”) (Table 4). One graduate
student reported, “I felt I got to use the material rather than passively take it in, and I got
to know my classmates better, which made coming to class much more enjoyable.” An
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undergraduate said, “Active learning is a very effective method to get students to really
understand their curriculum since questions are encouraged as well as
predictions/guesses.” Many of the responses spoke to a general appreciation for active
learning. However, some responses included disclaimers such as, “I think a traditional
lecture has its place explaining basic concepts and helping students get comfortable with
the material, but activities can help engage and apply the material,” (undergraduate
student) and “Sometimes [active learning] is effective, and sometimes it is patronizing,”
(graduate student).
Four Negative sub-categories were identified—(a) active learning limits
individual thinking and learning, b) professor does not implement active learning
approaches correctly, c) active learning should only be used in certain fields, d) current
active learning methods are a “waste of time” (Table 4). In these negative subcategories,
the largest number of comments belonged to “current active-learning methods are a
‘waste of time’”—for both graduate (n=14 responses) and undergraduate (n=98
responses) students (Table 4). According to one graduate student, “Some [professors] are
awesome at using active learning for its positive, intended uses while others are totally
off-base and waste class time without any benefit to the students.” Similarly, an
undergraduate student opined, “The material has to be dumbed down so any idiot can
figure it out, and working in groups means you work at the slowest pace of anyone there.
It also doesn't help that there's barely any time for the professor to talk about a new
concept.”
Lastly, four Constructive sub-categories emerged—(a) active learning works when
people are prepared to collaborate, b) active learning only works in smaller classes, c)
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effective active learning is desirable, d) active learning works well when supplementing
other methods (Table 4). The most comments in this domain belong to the sub-category,
“Effective active learning is desired.”, evident in 116 undergraduate and 18 graduate
student responses (Table 4). Student suggestions varied, from “Sometimes they [active
learning] feel[s] like a hassle. Good active learning should be integrated smoothly, but
with a clear goal in mind,” (undergraduate), and, “Usually there is some lecture portion,
then the active learning with worksheets or games, etc. What is most vital is that we
actually have the information to be able to do the activity before we do the activity. I
found it happens a lot where we have no idea what we are doing or the instructors have
given no examples so we sit and play with our thumbs because we haven't learned
anything. Learning first. Activities next to reinforce concepts and maybe expand upon
them,” (undergraduate), to “it's helpful when it is done correctly. sometimes it's more
distracting than helpful,” (graduate), and, “Often spent at least half of lecture time going
over a paper in groups. Mostly effective for learning the paper if students actually read it,
but there was no system in place for ensuring accountability, leading to some group
sessions suffering. Also, while a lot was learned during these times, what was discussed
in class did not usually help for questions on the exams,” (graduate).
Notably, apparent differences between the two populations were not evident.
Specifically, the themes that were the most common for undergraduate students were the
most common for graduate students as well (Table 4).
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Are There Notable Differences Between Undergraduate and Graduate Students in the
Amount or Type of Active Learning Experienced or Desired?
Undergraduate and graduate students reported similar patterns in the most
common instructional activities (Fig. 4A). Some differences emerged in the least
common teaching practices (indicated by * in Fig. 4B), the most and least desired
teaching practices (* in Fig. 6), and how much time was currently devoted to active
learning (* in Fig. 5). While all students rarely experienced individual presentations (Q5),
such practices occurred significantly more often in graduate than in undergraduate
courses. Undergraduate students also reported significantly fewer opportunities for
verbally answering questions in class (Q15) compared to graduate courses. For graduate
classes, the use of student response systems (i.e.,Top Hat, clickers), either independently
(Q17) or following consultation with a classmate (think-pair-share; Q18), was
significantly less common than in undergraduate classrooms (Fig. 4B). Overall, graduate
students reported slightly, though significantly, less class time devoted to active learning
practices than their undergraduate counterparts (Fig. 5).
Although both groups of students wanted more direct engagement with
instructors, undergraduates had a greater desire for such activities than their graduate
counterparts. (Figs. 3A, 4; S9, S17 Figs). Specifically, undergraduate students sought
more opportunities to ask their instructors questions, and seek information directly from
instructors for homework (S9, S17 Figs). Compared to graduate students, undergraduates
also wanted more opportunities to study with classmates outside of class time (Fig. 6A,
S7 Fig). Furthermore, there was a significant difference between undergraduate and
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graduate students in the desire for less lecture (Q1). Graduate students identified lecturing
as one of the top five least desired activities in their classrooms and wanted significantly
less than undergraduate students (Figs. 3, 4). Finally, undergraduate students had a
significantly less desire for assuming responsibility for learning material on their own,
listing it as one of their top five least desired classroom activities (Fig. 6B, S8 Fig).
Overall, graduate student views are similar to those of undergraduates. Both
groups of students want more active learning than they are currently getting. These
results are similar to recent studies examining perceptions of active learning at a different
university (Patrick et al, 2016, 2018), suggesting that these findings indicate a larger
trend in higher education. Additionally, graduate and undergraduate courses implemented
similar teaching strategies, dominated by lecturing; in fact, significantly less class time
was devoted to active learning in graduate courses compared to undergraduate courses.
Conclusions and Implications
Any conclusions from these findings should be tempered with the limitations of
this work. We hesitate to assign differences to our two populations beyond their status as
either graduate or undergraduate students. Nonetheless, it is a reasonable assumption that
graduate students are characterized by different levels of, for example, intrinsic
motivation than their undergraduate counterparts. This differential motivation may lead to
different expectations of or demands from their instructors. Future work, in which we
attempt to align student responses with different aspects of student affect (e.g.,
motivation, mindset, self-efficacy) with perceptions of teaching strategies, would provide
additional clarity. Further, we realize that graduate courses are likely to have a different
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culture than undergraduate courses, informed by factors beyond e.g., course level and
class size. For example, instructors may perceive graduate students as closer to being
colleagues than undergraduate students; these differences likely change in-class
behaviors—of both students and instructors. It would be helpful, in follow-up work, to
combine student perceptions with those of their professors.
Regardless of these and other unidentified limitations, our work contributes to the
relatively small body of literature exploring the use of evidence-based, active learning
techniques in undergraduate and graduate-level STEM courses. Similarly, we contribute
to understanding student buy-in to active learning in the curriculum. Critically, our
approach is sufficiently fine-grained to isolate which evidence-based techniques are in
place and which of these techniques are desired by STEM students.
We found that graduate and undergraduate students want to experience a higher
degree of active learning in their STEM classrooms than they currently experience (Fig.
5). Additionally, our open-ended responses indicate an overwhelmingly positive
experience when we sought student insights on their experience with active learning
(Tables 4, 5). Though some differences were identified in the specific type of active
learning preferred, both graduate and undergraduate populations wanted more direct
feedback (i.e., formative assessment) and a chance to learn in small groups. Further, all
students wanted to learn through student presentations and direct engagement with the
instructor using student response systems.
On average, graduate students wanted to engage more in individual learning
compared to undergraduates. Our study suggests that graduate students experienced low
levels of active learning, significantly less than their undergraduate counterparts. Our
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findings collectively provide evidence for educators, especially those wary of student
resistance to change, that students buy-in to active learning. These findings along with
student input via an open-ended response suggest that most students would like to
experience more active learning instructional practices in their STEM classrooms.
Our results confirm that evidence-based teaching remains relatively scarce in
graduate courses. However, this part of the STEM curriculum remains insufficiently
explored from the perspectives of who uses active learning, what pedagogies graduate
students prefer, and whether student preferences are in line with the evidence for what
works best in the classroom. Few studies are investigating active learning practices for
graduate classrooms. The existing studies suggest that graduate students hold active
learning perceptions similar to those of undergraduates, that is, neutral through positive
(Patrick et al, 2016, 2018). For example, graduate students in a flipped classroom
performed better on exams than in traditional lectures but disliked the extra time
necessary to prepare for class meetings (Tune et al, 2013b). Graduate students also value
courses that implement a variety of active learning practices, especially when
familiarized with the activities (Lopez and Gross, 2008; Jones et al, 2010; Miller and
Metz, 2014). Combined with previous studies, our findings indicate a need to integrate
active learning throughout all levels of the curriculum. While it may be essential to use
active learning in first-year STEM courses, time, and resources should also be allocated
to innovative teaching practices in upper-division and graduate-level courses.
Finally, we find no evidence that students, on average, are resistant to the
implementation of techniques such as student response systems, opportunities for
hands-on group work, and opportunities for direct interaction with the instructor. Instead,
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we identify evidence that students would prefer more active learning in their courses.
Fortunately, instructors can implement many of these preferred active learning techniques
into their existing courses with relative ease. For example, there are several excellent
sources designed for educators to develop a toolkit of in-class assessment techniques such
as classroom polling, short written reflections, and think-pair-share activities (Angelo and
Cross, 1993; Fink, 2013; Tanner, 2013a). These suggestions, combined with an awareness
of student preferences, may help instructors, teetering on the brink of adoption, to leap
into active learning.
53
IV. COOPERATIVE LEARNING IN A BIOLOGY
LABORATORY COURSE: EXPLORING GROUPING
STRATEGIES (Study 2A)
Introduction
Experiences centered around peer group learning have demonstrated gains for
 students' academic performance (Hulleman  and  Harackiewicz, 2009; Patrick, 2013) while
building on practices prevalent in the discipline. Working in small peer groups in the
classroom has been linked to increased student achievement and better student
perceptions and attitudes in college classrooms (Johnson et al, 1991, 2014; Smith et al,
2011. For instance, a study by Springer et al, (1999) analyzed studies on small-group
learning in undergraduate science, math, engineering, and technology classes and found
that students working in groups had higher academic achievement, better attitudes toward
learning, and increased persistence in classwork compared with students in more
traditional classes that lacked group work.
Positive experience in peer groups can also form the basis of a student’s academic
and social support early in their undergraduate experience. In fact, these support groups
can extend beyond the course and continue as students progress with their major. The
lasting bonds have a vital role in a student's success and persistence through the
discipline (Johnson and Johnson, 1991). On the other hand, a negative peer experience
may hinder a student's academic performance and harm a student's sense of belonging. A
lowered sense of belonging is particularly harmful to first-year students, including having
a negative consequence on students’ persistence within the major (Hausmann et al,
2007). Thus, the STEM/biology teaching laboratory, which is exclusively driven by
group work, has emerged as a key arena for studies involving retention (Corwin et al,
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2018; Rodrigo et al, 2018), performance (Matz et al, 2017; Sato et al, 2014), and student
sense of belonging in STEM (Esparaza et al, 2020).
There is considerable debate in the literature on how such positive peer groups
should be formed in the classroom setting. Further, most of the research in this area is
concentrated in the K-12 space (Agrawal et al, 2014; Kulik and Kulik, 1982; Slavin,
1987; Slavin, 1990). The limited research in higher education suggests no uniform
consensus on grouping strategies (Donovan et al, 2018).
One form of group work is when members are assigned and groups are longer
lasting as students work together in cooperative learning groups; students work towards a
shared goal and are assessed individually with their groups (Johnson and Johnson, 1998;
Tanner et al, 2003). Assigned long-lasting groups are among the three main types of
cooperative learning, along with formal and informal learning groups (Johnson and
Johnson, 1998). According to Johnson and Johnson (1998), "assigned base groups are
long-term heterogeneous groups with stable membership whose primary purpose is for
members to give each other the support, help, encouragement, and assistance each needs
to progress academically,” (Johnson and Johnson, 1998).
Cooperative learning primarily stems from socio-constructivism. Based on the
work of theorists including Lev Vygotsky, socio-constructivism recognizes learning as a
social phenomenon (Vygotsky, 1968). In a socio-constructivist framework, learning
requires students to conduct meaningful activities with peers as they think about what
they are doing (Wankat and Oreovicz, 1993). Unlike regular group work, the instructor
provides guidance and support to the peer groups throughout the task, beginning with
forming groups in a cooperative learning environment. In a successful cooperative group,
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students grow to see each other as supports to their own ability to learn in the course. As
a result, instructional environments including cooperative learning groups promote
student-centered approaches and facilitate learners' co-construction of knowledge.
While there is consensus on the benefits of cooperative learning, there is less
consensus on how best to form the groups to maximize learning and improve students’
group learning experience (Donovan et al, 2018; Nhan and Nhan 2019) in the context of
a laboratory course in a small liberal arts institution. Secondly, the nature of
heterogeneity within groups can be based on a variety of characteristics including
academic ability and social identities. For instance, in an upper-division neurobiology
class, Gaudet and colleagues (2010) used students’ self-reported academic major as a
basis to form diverse learning groups, allowing transparency of group formation and for
students to self-identify with a major. McInergney and Fink (2003) instead formed
heterogeneous groups in their microbial physiology course by utilizing students’ previous
academic experience in microbiology and chemistry. Finally, in examining the literature
on group work in higher education, there is limited evidence for the consideration of
course interest in group heterogeneity. Yet in the first year of a STEM course, students
have a greater variation in course interests along with varying academic characteristics
than students in subsequent years (National Research Council, 2012).
A standard method for forming groups is to allow students to self-select their
groups (observation, Chapman et al, 2006; Donovan et al, 2018; Nhan and Nhan, 2019).
Students choose their group members in self-selected groups and have the autonomy to
change groups during a semester (Springer et al, 1999). Self-selected groups require little
planning on the instructor's part and may yield benefits as students group with their
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friends (Strong and Anderson, 1990, Bacon et al, 1999). As a result, group members may
already have comfort with each other, and therefore, less class time and responsibility of
instructors is required for structuring effective group practices. However, there are some
drawbacks, especially in large enrollment classes. For example, Freeman et al, 2017
found that students tended to work with peers of the same ethnicity, gender, and similar
academic ability. Such groups can lack the diversity of skills and different group
members' perspectives (Mello, 1993; Bacon et al, 1998). In another study, Feichtner and
Davis (1984) found that students self-report their worst group experiences when groups
were self-selected. In contrast, Bacon et al, 1999, found that more students report their
best experiences in courses where they had the autonomy to form their groups. The gains
were particularly noticeable after a first term, where students had a chance to know each
other outside of a course group environment (Bacon et al, 1999). The sum of the
evidence is mixed for self-selected groups, yet this approach remains the conventional
practice (Bacon, 1990; Strong and Anderson, 1990; Donovan et al, 2018).
The conflicting results in group formation on maximizing learning and student
perceptions and attitudes towards group work leads me to explore how students
experience working in different groups in a first-year course (Study 2A) and explore any
possible impact on their academic performance (Study 2B). Evaluating student
perception of their experience is essential because their perceptions affect their behaviors,
their reaction to the environment, and their beliefs about the environment
(Liskin-Gasparro, 1998; Williams and Burden, 1999). Therefore, indirectly or directly,
student perceptions of their experiences in lab groups could be critical to their sense of
belonging in STEM. Secondly, understanding the student experience of the varying
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grouping strategies can inform instructors on the promise of this pedagogical tool,
informing them how best to utilize their limited time and effort on grouping strategies.
In Study 2A, I addressed how first-year students experienced two different
methods of group formation while engaged in extended group work in a biology
laboratory course. I explored how students experience learning in groups via self-selected
groups, common in the discipline, and also via heterogeneous groups based on prior
knowledge and interest in the subject. I also considered gender where possible to ensure
students have gender allies within their groups and to ensure they are not the sole
representatives of their gender within a group (Handelsman et al, 2004; Rosser, 1998). I
used a pre-semester assessment to gauge the participants’ prior knowledge of the current
course content and their retention from material covered in the preceding course (Fig. 8,
Appendix A). The pre-assessment established the criteria for the assigned groups. Interest
in the course was determined from a Likert scale response in the pre-semester survey.
The assessment questions were created by two faculty members who have taught the
current and the preceding courses for over five years. A senior biology professor with
extensive discipline-based education research (DBER) experience also verified the
assessment.
Research Questions
 My Research Questions for 2A are:
1) How is learning within assigned and self-selected base groups  perceived by 
 undergraduate students ?
2) How did the perspectives of students change (if at all) after working in
self-selected and assigned groups for a semester's duration?
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My Research Questions for Study 2B are:
1) What, if any, are the elements of cooperative learning prevalent in self-selected
and assigned groups in an introductory biology laboratory course?
2) How, if at all, does academic performance vary between students in the
self-selected and assigned groups?
I hypothesized that students in both group types would show an improved attitude
to group work over the course of a semester, as measured regarding a variety of
cooperation-related factors. However, I expected that students in the heterogeneous
assigned groups would experience a richer cooperative learning experience, reflected in a
greater improvement in perceptions and attitudes to cooperative group work. Moreover, I
expected assigned groups to result in improved academic performance over the semester
and experience a higher frequency of cooperative learning elements as measured by the
Cooperative Learning Observation Protocol (CLOP) tool (Study 2B).
Methodology
Context
Six sections of an introductory biology lab at a liberal arts college in the midwest
were enrolled in this study. The lab sections participating in the study were each taught
by two women instructors. Both instructors have taught this course over multiple
semesters before. The participants consisted of students enrolled in the six sections (Table
6). Through an open-ended response, students self-reported their gender. In the assigned
base groups, 72% of the study participants identified themselves as women, and 28% as
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men. In the self-selected sections, 60% identified as women, 27.5% as men, and 12.5%
skipped the question (Table 6).
Table 6. Study participant attributes.
Group Type
Self-selected Assigned
(n) (%) (n) (%)
Gender
Women 24 60% 33 72%
Men 11 27.50% 13 28%
No Answer 5 12.50% 0 0%
First
Generation?
No 35 88% 38 83%
Yes 5 13% 8 17%
Year in School
First Year 30 75% 36 78%
Second Year 8 20% 8 17%
Third Year 1 3% 1 2%
Fourth Year 0 0% 1 2%
No Answer 1 3% 0 0%
Ethnicity
Asian 3 8% 3 7%
Black 1 3% 2 4%
Hispanic 2 5% 1 2%
White 28 70% 39 85%
White & Asian 2 5% 0 0%
No Answer 4 10% 1 2%
Survey Design
The pre-semester survey was designed to gather information on students’
predictions about the course, their current perceptions, and attitudes about working in
cooperative learning groups. The post-semester survey was designed to collect data on
student perceptions and attitudes about working in cooperative learning groups after the
course's commencement (Kern et al, 2007). The survey's open-ended responses were
qualitatively coded using an inductive approach, and the quantitative responses were
statistically analyzed. The purpose of the surveys is to learn how students enrolled in an
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introductory biology course valued working in groups, their apprehensions/concerns with
group work, and to gauge their overall experience of a full semester of group work. The
data collection type was through a questionnaire and administered online, (Fink, 2000;
Nesbary, 2000; Sue and Ritter, 2007).
Figure 8: Overview of study data collection via a convergent mixed-methods
approach.
Data Collection Tools
Consent: Instructors went over the consent form and answered any students'
questions during the first lab section. During this time, students had the opportunity to
ask questions they had regarding the study. The study was initiated once written consent
was obtained from all participants and focused only on groups in which everybody had
provided consent.
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Surveys: Two surveys were conducted including a start-of-semester and
end-of-term survey both validated by the think-aloud protocol (Fig. 8) (Charters, 2003).
Student demographic data including their gender was determined through these
questionnaires, along with their perceptions of the course and group work both at the
beginning and end of the semester (Fig. 8). The start-of-semester survey included
questions about their interest in the course. Questions related to interest were included
since most of the participants are in their first year of college, yet to declare their major,
and, therefore, likely have diverse interests towards a required course.
Google Forms was utilized to administer the survey. An officially constructed
email was sent from me (Project PI) to all participants. The course instructor also
reshared the email. The email detailed the overview and objectives of the survey. The
survey details, including the study's purpose and goals, were restated in the first lab of the
semester. To increase the response rate, a follow-up email was sent three days after the
first lab's commencement.
Qualitative Data Analysis: Two cycles of inductive codings were analyzed by the
coding team (2 coders) for all open-ended qualitative responses in the pre and
post-semester surveys (Fig. 8) (Saldana, 2009). Each of the open-ended responses was
read through by the two in-vivo trained coders both unaware of whether responses were
from students in the assigned or self-selected groups (Saldana, 2009). Via team
consensus, a subcategories codebook of all issues that recurred in the data was generated
(Charmaz, 2006, p. 55). This approach allowed the subcategories to emerge from the
data. Once the team generated a subcategories book, 10% of the comments were selected
to determine interrater reliability via Cohen’s Kappa (κ). This is an established statistical
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reliability test. Raters received κ =.94, a strong agreement on the Kappa scale (Cohen,
1960). Once reliability was established the remaining responses were equally divided
among the two coders. Once all the data was coded into subcategories, patterns and
connections within and between the subcategories were examined. Key ideas expressed
within the subcategories were also identified, marking how participants respond similarly
to each other and how their responses differ. Similar subcategories were sorted together
into larger categories (Gonsar et al, 2021). In the results section, a summary of each
category and subcategories that describe these points are included.
To identify which categories are most common across responses, the number of
times particular subcategories came up were counted. These counts provide an estimate
of relative importance, revealing the general patterns in the data. Since subcategories that
were not within the recommendation for the survey were disregarded, all qualitative
responses reported are within one standard deviation from the average (Baruch, 1999).
Upon completion of all coding, all subcategories were tallied and the responses decoded
to compare across the two group types.
Trustworthiness in Qualitative Analysis: Multiple approaches were employed to
strengthen the rigor of the qualitative work (Lane, et al, 2019). Transparency was
maximized for all the analysis and methods of qualitative coding to increase confidence
in the analysis for future replication of this approach (Denzen, 1978). Each of the
qualitative analyses was also completed as a team, arriving at all categories via group
consensus, allowing all members to critically examine all the data and their
interpretations (Eby et al, 2009).
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Quantitative Data Analysis: A ten quadrant 2 X 5 contingency table for a
two-tailed Fisher's Exact Test was created to determine differences in course and group
work interest between self-selected and assigned groups, A Mann-Whitney U Test of
paired differences, a nonparametric test for independent samples was run to compare
cooperative related items between group types. A Wilcoxon Signed-Rank Test, a
nonparametric test, was completed for all paired samples to compare within-group types.
All data remains stored in protected digital files and with an appropriate name
system for each data type (Bazeley, 2013). The study design and survey instruments were
approved by the institution’s IRB (approval #1819-0153).
Results
Analysis
Below is a description of the quantitative statistical findings and the qualitative
thematic results. Once the qualitative and quantitative analyses were completed, the data
sets were compared to each other. There are areas where the data are in agreement and
areas of disagreement on specific concepts in both sets of results. A combination of the
qualitative and the quantitative sets of results provides the development of a more
complete picture of assigned base groups and self-selected groups in introductory biology
labs.
Similar levels of course interest and preference for group work in early semester for both
group types
At the beginning of the semester, there was no statistical evidence for an
association between group type and interest in group work (p=.649, Fisher's Exact Test).
Around 68% of students in the self-selected group and 72% of students in the assigned
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group began the semester with a positive or somewhat positive view on group work with
response rates of 80% and 93.5% respectively. Likewise, students in both groups had
similar levels of interest in the course at the beginning of the semester (p=.764, Fisher's
Exact Test), with 85% of students in the self-selected group and 95.7% in the assigned
group responding to this question (Fig. 9).
Frequency of students working with each other
At the end of the semester, students confirmed how often they worked with each
other (Fig. 9). Students reported statistically similar results (p=.33, Mann-Whitney). On a
scale of 1-3 (Sometimes to Almost/All the time), assigned students on average worked
together 2.07 and self-selected students for 1.95 as per the scale.
Figure 9: Frequency of how often students in the self-selected and assigned groups
worked together. Students were asked to rate how often on a scale of 1-3 (Sometimes to
Almost/All the time), they worked with each of their group members.
Collaboration and Understanding Material are Seen as Key Functions of Group Work
Students in assigned and self-selected groups responded to what they perceived as
key functions of working in their group. In an analysis of pre and post-semester
responses, codes were identified for the following categories: a) understanding material,
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b) collaboration skills, c) personal growth, d) negative/constructive experiences and e)
bonding experiences. For both group types, codes for collaboration and understanding
material showed up most often both at the beginning and the end of the semester. (S
Table 1). Responses regarding understanding material saw gains regardless of the group
type. Students in both group types identified collaboration-related skills as the most
frequently identified utility of group work at the beginning of the semester. For instance,
when probed about the utility of their group, a student in the assigned group said, “...is
important in order to collaborate with others and gain a broader perspective of
information.”
At the beginning of the semester, students in the self-selected group identified
codes in the collaboration skills category to have the highest number of codes (27.5%),
followed shortly by understanding material (25%), personal growth (17.5%), and finally
by negative/constructive experiences (15%) and bonding experience (15%) (S Table 1).
By the end of the semester, we found that almost 50% of the self-selected students
identified codes related to understanding the material as the most identified utility of their
group. This code was followed by collaboration and personal growth, each at 23.5%.
There were minimal negative and bonding experience examples, both at less than 3% of
all codes. Although self-selected students more frequently identified collaboration skills
at the beginning of the semester, they found understanding the material to be a more
frequent group work function by the end of the semester, followed closely by gains in
collaboration skills.
Similarly, students in the assigned group identified collaboration as a utility of
group work at the beginning and end of a semester. A student at the beginning of the
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semester said, “I enjoy group work because different perspectives on a topic are easily
accessible.” 34% of codes at the beginning of the semester related to collaboration. By
the end of the semester, collaboration-related codes remained high on the ranking, but the
percentage decreased to 26.5%. Students in the assigned groups continued to find utility
in understanding material, which jumped from 20.5 % to 37.5% by the end of the
semester. One student in the assigned group included, “I have a great overall view on
group work because my group members who sometimes have clarification questions help
solidify my own understanding of what I do and do not understand.” Codes related to
personal growth saw no change, and there were decreases in codes related to both
negative/constructive codes. Negative/constructive related codes decreased from 18% to
9.4%. Like the self-selected groups, students in the assigned groups identified a similar
ranking of categories at the beginning of the semester.
Pacing the Learning, Unequal Work, and Communication Issues are Key Challenges
Overall, there was approximately half the number of challenges identified
compared to benefits for both types of groups (S Table 2). There were 51 benefits and 23
challenge codes for students in the assigned group. In comparison, there were 35 benefit
codes and 20 challenges for students in the self-selected group. Fifteen respondents, or
40.5% of students in the assigned group and 33% (9 students) in the self-selected group,
indicated no challenge in their group (Table 7). From the remaining responses, there were
challenges across nine categories. These include: 1) all members lack understanding of
concepts 2) issues with communication 3) unequal work contribution 4) pacing learning
and working 5) coordinating work outside class time 6) issues with group members 7)
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group gets sidetracked 8) members’ lectures were at different paces 9) different working
styles.
The top 3 challenges in the assigned groups include a) pacing learning and
working while in a group. The subsequent highest challenges were b) unequal
contributions and c) issues with communication (Table 7). For instance, a student in the
assigned group type said that the disadvantage of their group is that “everyone is learning
differently and working at different paces which can be frustrating.” The self-selected
group identified similar challenges, however, in a different order of frequency. For
instance, in the self-selected group, unequal contribution was the most identified
challenge. A student reported, “...I felt like I was always doing the work.....” Following
this was the challenge of issues with communication. For some students in the
self-selected group, the number of group members appeared to change from week to
week. On the other hand, assigned group members had fixed 3-4 students in each base
group. An assigned student expressed this challenge as, “When the whole bench worked
together, things ended up getting muddled and complicated.”
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Table 7. Category (Challenges) and subcategories identified in student post-semester
responses to the prompt “From your perspective, what were the challenges associated
with your group?”















“sometimes we were all lost on a topic




"...challenges included coming to a consensus."
(4)
"...When the whole bench worked
together, things ended up getting
muddled and complicated.” (4)
Unequal contribution: "...work not always equal" (4)
"...I felt like I was always doing the work
and felt bad if I tried being in another
group,” (6)
Pacing learning and
working in a group:
"...disadvantages are that everyone learns
differently and works at different paces which can
be frustrating" (6)
"some challenges were the speeds we
wanted or could work at were somewhat
different which made staying together




"...challenges were finding time to meet outside of
class." (2)
“but it's always hard organizing time
outside of class to finishe group
projects.” (1)
Issues with group
members: “some were hard to work with” (1)
“Some challenges were that the other
two in my group were close friends and
I was not so it was sometimes hard to
break into their discussion.” (2)
Group gets sidetracked:
"The only challenges was when we got towards
the end of the year when we were more
comfortable with each other, we would get
distracted easily as we enjoyed each others
company. However, we were able to get back to
work quickly as well." (2)
"I sometimes worked with groups of
people I was already friends with and it
was difficult to stay focused." (1)
Group members’
lectures were at a
different pace:
"The only challenge we had was the different
paces we were all at in our classes, as some of the
lab was covering material two of us group
members had not yet reached in class." (2)
None
Different working styles: "...slightly different working styles, whichoccasionally clashed." (2) None
No challenges: 15 9
Note. The number of responses in each subcategory is included in parentheses after a
sample comment.
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Concerns Related to Group Work Diminish as Students Work Together
Students in both group types responded to what they perceived as concerns of
working in groups at the beginning and again at the end of the semester. The categories
identified from the responses include a) unequal work/participation b) mindset, c)
interest incongruence, d) effect on course grades e) hinder learning and f) group
dynamics (S Table 3). For students in the assigned groups, the top concern was unequal
work/participation followed by group dynamics. Regarding group dynamics, an assigned
student stated, "Only concern I have is being paired with people who don't work well in a
group because then it's counterproductive. Some people are reluctant to help others or
share information and instead judgemental, which can make lab a negative experience. I
don't expect to have that experience at [current institution] but in high school it occurred
more than once." Self-selected students also identified Unequal work/participation as a
key concern at the beginning of the semester. The second most frequently coded category
of concern arising for self-selected students was interest incongruence (18.18%). This
category included codes that captured concerns about group members with lower interest,
who are perceived by peers to not care about learning or are perceived to be unmotivated.
A self-selected student noted their concern, "When there are people who don't care and
don't want to help." In the assigned group, all but four students expressed some concern
with working in their group. In the self-select group, all students expressed at least one
concern about working in their group.
Unequal work: Similar to the key challenges identified, selected and assigned
groups early in the semester perceived unequal work/participation as the primary
concern about working in a group. 60.63% of codes from self-selected students and
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40.63% from students in the assigned group expressed this concern (S Table 3). One
student in the pre-survey stated, "There's usually a group member who gives less effort
and others have to make up for it." Other concerns were the effect on grades and general
group dynamics for students in the assigned group, each with 15.64% of the initial codes.
Following initial concerns regarding unequal work/participation, at the semester’s
end both groups of students indicated a statistically similar equal contribution to the
completion of the activity in their Likert scale responses (p=.900, Fisher's Exact Test). In
the post semester survey, assigned groups had an average response of 4.68, and
self-selected students had a mean value of 4.56 (near the Likert scale value of 5=strongly
agree). 100% of all students in the assigned group and 97% of all responses in the
self-selected group indicate they made an equal contribution to the completion of the
group activity. I also found that students overwhelmingly agree that all group members
made an equal contribution to completing the activity (p=.282, Fisher's Exact Test). I
found a 93% proportion of agreement in the assigned group compared to 86% of
self-selected students.
When students were again queried in open-ended responses about their key
concerns at the end of the semester, nearly 50% of the assigned group codes were
associated with no concerns, up from 12.50%. Likewise, I found 37.50% no concern
codes in the self-selected students. Following a similar trend, codes related to unequal
participation diminished in the assigned group from 40.65% in the pre-semester survey
to 16.00% of the codes in the post-semester survey. In the self-selected students, codes in
the unequal participation category decreased to 25.00% from 63.64%. To illustrate, a
student in the assigned group stated the following at the beginning of the semester, "If not
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everyone is willing to do their part, it affects the whole group." By the end of the
semester, when asked regarding their concern, the same student stated, "I do not have any
concerns."
Assignments based on group performance: Students were also queried via a Likert
scale response (1=strong dislike, 5= strongly like) regarding their feelings about being
graded as a group at the beginning and again at the end of the semester. Self-selected
students (p=.001 Wilcoxon Signed-Rank Test) and assigned students (p<.001 Wilcoxon
Signed-Rank Test) both identified increased comfort with being graded as a group after
the duration of the semester (Table 8). Responses for the assigned group shifted from 3.11
to 3.95 over the course of the semester, and in the self-selected group students, I saw a
change from 3.10 to 3.70 (Table 9). I also compared the two group types to each other
relative to their gains in preference for assignments based on group work. I found no
significant difference (p=.592, Mann-Whitney U Test) when comparing the two group
types (Table 9).
After their responses to the quantitative scale, students in the pre-semester survey
expanded upon their responses to assignments based on group performance. Like the
quantitative data, a close analysis of the open-ended coding also reveals similarities in
both groups. Codes from the responses were bucketed in positive, negative, and
constructive categories (S Table 4) (Gonsar et al, 2021). I found that for both group types,
negative codes were dominant, followed by constructive codes and finally positive codes.
I found 20 negative codes in the assigned groups and 12 for the self-selected groups. In
comparison, I found 9 and 8 positive codes for self-selected and assigned groups,
respectively. For both group types, most of the negative codes are overwhelmingly in the
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subcategory, uncomfortable with grades based on other’s performance. For instance, a
student in their assigned group said, “I don't think my grade/effort should be impacted by
the effort of another student because we could have very different workloads/work
ethics.”
The shift in attitude for group grades was one of their top three gains for all the
cooperative-related items measured; the most significant gain for students in the assigned
group and third-ranked for self-selected students (Tables 8, 9; S22 Fig). Overall, students
increase their comfort with group grading regardless of group type. Specifically, the
pattern in the data suggests there is increased comfort across the duration of the semester
with having assignments graded as a group, with a larger, although not statistically
significant difference, in students placed in the assigned groups.
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Pre Post p-value Pre Post p-value
Enjoyment in Working in a
Group
3.70 4.40 .001 3.73 4.46 <.001
Ability to Work
Productively as a Group
4.34 4.28 .364 4.32 4.43 .173
Accountability for
Effort/Understanding
4.44 4.72 .034 4.76 4.68 .224
Comfort Arguing
Perspectives 3.66 4.16 .002 3.70 4.38 .001
Group Members Help to
Develop New Perspectives 4.34 4.47 .154 4.38 4.59 .038
Group Work Enhances
Understanding 4.22 4.56 .017 4.19 4.54 .015
Feelings Regarding Group
Grades 3.10 3.77 .001 3.11 3.95 <.001
Comfort Asking for Help 4.07 4.60 .001 4.08 4.59 .002
Note. Students were asked to rate the following activities on a scale of 1-5
(Strongly Agree-Strongly Disagree or Strong Like or Strongly Dislike) at the
beginning of the semester (Pre) and then again at the end of the semester (Post).
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Table 9. Mann-Whitney U Test of individual paired differences (pre and post
semester) between Assigned and Self-Selected students.
Activity
Self-Selected Assigned Paired Difference
p-value












4.44 4.72 4.76 4.68 0.28 -0.08 .091
Comfort Arguing
Perspectives












3.10 3.77 3.11 3.95 0.69 0.84 .542
Comfort Asking
for Help
4.07 4.60 4.08 4.59 0.50 0.51 .952
Note. Students were asked to rate the following activities on a scale of 1-5 (Strongly
Agree-Strongly Disagree or Strong Like or Strongly Dislike) at the beginning of the
semester (Pre) and then again at the end of the semester (Post).
Students Identify Social and Academic Skills as Key Benefits of Group Work
Students in both group types responded to what they perceived as the benefit(s)
and the challenge(s) of their group type in an end-of-semester survey (Table 10, S Table
2). Twenty-seven students from the self-selected groups and 37 from the assigned groups
responded to the prompt. Eight Beneficial subcategories emerged, including 1) cohesive
understanding of the course concepts, 2) contributing different ideas, 3) sense of
accountability, 4) positive feedback between group members 5) enhanced own learning
experience, 6) enjoyable learning environment, 7) developed new relationships, 8) all
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members contributed equally. Amongst both group types, there were a total of 86 codes
associated with benefits, including 51 codes for the assigned group and 35 for the
self-selected group (S Table 2).
The top Beneficial subcategory seen from working in assigned groups was
contributed to generating different ideas (17). Students in the assigned group also highly
valued positive feedback between members as a key benefit to their group type, the
second most coded subcategory. Exemplifying this, one assigned student noted, "The
benefits of working in a group throughout the semester were that we were able to help
each other out and answer each other's questions when any came up." Another student
noted, “...Great benefits from collaborative problem solving and additional feedback and
insights.” Yet another student in an assigned group wrote, "I was able to have questions
answered from different perspectives and practice answering questions as well."
Rounding out the top third subcategory for Benefits among assigned students was that
working in their groups was an enjoyable learning environment (9). For instance one
student noted, “I really enjoyed our group. we got along really well." Another assigned
student wrote, "It was great to not have to choose people to be with all the time and I
think our group got alone (along) really well."
Likewise, in the self-selected group, the top 3 subcategories included group
members contributing to different ideas (15), group learning being an enjoyable
experience (5), and positive feedback between all members (5). Regarding contributing
different ideas, a self-selected student noted, “Having multiple people to bounce ideas off
of was very beneficial but most groups were formed based on the people sitting near
you.” A self-selected student who found enjoyment as the primary benefit of their group
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stated, "It was pretty great to be able to work with people I already knew and could work
well with." Finally, encompassing the code for positive feedback from peers, a
self-selected student wrote, "recieve help from peers when not understanding."
There were similar patterns in the benefits for students in both assigned and
self-selected groups at the end of the semester. All students in the assigned and the
self-selected groups reported at least one benefit from their group type. Overall, students
found considerably more benefits than challenges to working in their groups regardless of
group type (S Table 2). More than 50% of students in the self-selected group and 46% in
the assigned group identified contributing to different ideas as a primary benefit of
working in their groups (Table 10) the most frequently cited benefit of working in their
respective groups. Both groups also found it essential that working with their peers made
their laboratory experience more enjoyable.
Table 10. Category (Benefits) and subcategories identified in student post semester
responses to the prompt, “From your perspective, what were the benefits associated
with your group?”













"...had a better understanding of the
material."  "...deeper understanding of
content and being able to discuss material




"...bounce ideas off of peers and to work
through challenging topics with other
classmates"  "...to explore different ideas
with your group and collaborate to find a
reasonable answer.” (17)
"Having multiple people to
bounce ideas off of was very
beneficial but most groups were
formed based on the people sitting
near you. "  "The benefits of
working as a group was the ability





"benefits included a strong flow of ideas, a
sense of accountability, and a collective
sense of togetherness"  "...group had many
benefits, which included sharing and
collaborating ideas, especially since we all
have different lecture professors, and





“I was able to have questions answered
from different perspectives and practice
answering questions as well.”  "The
benefits of working in a group throughout
the semester were that we were able to
help each other out and answer each
other's questions when any came up."
“Great benefits from collaborative problem
solving and additional feedback and
insights...” (9)
"you are able to work together if a
problem is challenging, and we
were able to work together to get
tasks completed."  "recieve help





"...Overall, having a group helped me
(personally) to gain a better understanding
of the course material." (5)
"was always willing to help me if




“I really enjoyed our group. we got along
really well.."  "It was great to not have to
choose people to be with all the time and I
think our group got alone (along) really
well..." (9)
"It was pretty great to be able to
work with people I already knew
and could work well with"  "...a
benefit is that you are able to




"gained new relationships..." (2)
"I enjoyed working with my lab
partner, we have become friends
where we didn’t know each other
before this class.” (1)
All members
contributed equally:
“When one of us didn't know the answer to
a question or what to do, another would
step in and help; there were very few times
when we were at a total loss of what to do.
No one argued or got into disagreements,
and we were able to work efficiently
because we divided work amongst
ourselves and talked out issues.” (2)
"...The amount of work we did
was usually divided evenly." (3)
No benefits: None None
Note. Number of responses in each subcategory are included in parentheses after a
sample comment.
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Students Gain Comfort in Arguing Perspectives and Seeking Help over the Course of
a Semester
I also evaluated individual changes for each student from pre to post-semester
including their comfort in arguing perspectives via a Likert scale response, which showed
an increase for students in both group types (Tables 8, 9, S22 Fig). The average
quantitative scale for self-selected students was 3.66 at the start of the semester, with a
significant increase (p=.002, Wilcoxon Signed-Rank Test) to a mean value of 4.16 by the
end of the semester (Table 8). Likewise, the mean value increased from 3.70 to 4.38 for
students in the assigned group. The increase was also statistically significant (p=.001,
Wilcoxon Signed-Rank Test), making it one of the top 3 gains for the assigned group
(Table 8, S22 Fig). When the gains were compared between the two group types, I
observed no statistically significant difference (p=.388, Mann-Whitney U Test).
Working in both group types also increased students' comfort in asking for help.
Students in the assigned group began with a mean value of 4.08 at the start of the
semester. The mean value increased to 4.59 by the semester's end, which was significant
(p=.002, Wilcoxon Signed-Rank Test). I found a similar pattern for students in the
self-selected groups with a statistically significant mean increase from 4.07 to 4.60
(p=.001, Wilcoxon Signed-Rank Test) (Table 8, S22 Fig). Again I found statistically
similar gains by the end of the semester when both groups were compared to each other
(p=.952, Mann-Whitney U Test).
Students Saw Group Work as Increasing Their Understanding of Course Content
From the Likert scale quantitative responses, regardless of group type, students
indicated an increase in content understanding over the semester. Self-selected groups
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(p=.017, Wilcoxon Signed-Rank Test) increased from 4.22 to 4.56 on average. Likewise,
students in the assigned group (p=.015, Wilcoxon Signed-Rank Test) increased from a
4.19 average to 4.54. Both group types identified a significant increase from pre to
post-semester (Table 8), and again there was no statistically significant difference
between the group types (p=.849 Mann-Whitney U Test) (Table 8).
Similar patterns are also evident in the qualitative responses for both group types
(S Table 5A-C). In the start-of-semester survey, 19 of the 22 self-selected responses
agreed that working in their group increased their understanding of the material (S Table
5A). For instance, a self-selected student wrote, “Having people explain how they think of
problems and solutions helps me better understand questions. It also gives me a larger
tool box to work out of,” (S Table 5C). Assigned group students indicated a similar
response when asked about whether working in their group increased their understanding
of the material. Out of 34 responses, 26 agreed, five disagreed, and three neither agreed
nor disagreed (S Table 5A). When asked to elaborate on their quantitative item scale, a
typical response in the pre-semester survey included, “My partner(s) (previous course)
helped clarify things I was confused about, and made it more motivating to work hard
because they were also,” (S Table 5C).
Both groups overwhelmingly agreed that their group enhanced their content
understanding by the end of the semester, mirroring the quantitative data (S Table 5B).
Sixteen out of 18 responses from the self-selected group agreed that their group enhanced
their understanding of the laboratory material. For instance, when the previously
mentioned self-selected student was asked the same question in the post-semester survey,
she wrote, “There were many times when I had a group member explain a different point
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of view to me where the point of view helped me understand the material in a different
way,” (S Table 5C). For the assigned group, 24 out of 27 agreed that their group
increased their course understanding. In the post-semester survey, the same assigned
student quoted above said, “Yes, I understood concepts a lot better with group work
because if I didn't understand one perspective, another person would try to explain it to
me,” (S Table 5C).
Discussion
Consistent with my hypothesis, assigned and self-selected students identified
improved perceptions and attitudes with group work, as measured from their open-ended
responses and through cooperative learning factors. My findings suggest that
self-selected and assigned group students overwhelmingly found more positive functions
and benefits by working in their group type. Substantial benefits were contributing
different perspectives, better understanding the material, and that working in their groups
made labs a more enjoyable experience. Both types of groups also identified learning to
collaborate and gaining knowledge as critical functions of their group. Overall, students
perceived a few challenges or concerns from working in groups. I found that regardless
of group type, the concerns related to group work diminish as students continue to work
together. Specifically, regarding unequal participation, I found that not only did it
decrease as a directly rated personal concern, but students also overwhelmingly rated
both themselves and each other as contributing equally by the end of the semester.
Inconsistent with my hypothesis, both group types found similar functions and
benefits in the cooperative learning experience, reflected in similar improvement in their
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perceptions to cooperative group work. My quantitative data revealed no meaningful
differences between the two groups types, particularly in cooperative related items
self-rated on a Likert scale. Both students identified gains in multiple cooperative social
and academic-related skills during the semester within each group type. When I
compared the two group types to each other, I found that the gains were statistically
similar in the quantitative data (Table 9). When allowed to expand on their ratings using
student free response, the coding also revealed similar categories dominating between the
two groups.
The qualitative and the quantitative data address similar positive gains from group
work for both assigned and self-selected groups. One possible explanation for the
apparent lack of differences is that, on average, self-selected groups largely remained in
the same groups for the semester’s duration (Fig. 9). As a result of this stability, the
self-selected groups, similar to the assigned groups, may have developed similar levels of
cooperation. Studies by Johnson and Johnson suggest group stability as a factor that
allows students to learn skills they need to resolve problems in working with each other
(Johnson et al, 1994), and students were probed on how often they work with each other,
students in both group types reported a statistically similar amount of time (Fig. 9). As
such it is possible that the benefits of working in small groups may have arisen
organically for self-selected students by working within stable groups for extended
periods of time. For instance, there were high levels of cooperation and student
satisfaction with the self-selection of groups in a study of 3rd and 4th-year university
students who knew each other well (Nhan and Nhan, 2019).
However, though not evident quantitatively, a close examination of the qualitative
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responses reveals that students in the assigned group might have a richer positive group
experience than students in the self-selected group. Specifically, I observed a higher
proportion of codes associated with benefits and a lack of challenges for assigned groups
(S Table 2). It is also notable that in 7 out of the 8 items queried the assigned groups had
larger marginal gains, though not statistically significant (Table 8). This may suggest a
substantial congruence insinuating that there may be a small effect from the group type,
largely in favor of the assigned groups, but my study may be underpowered to capture
these differences with certainty due to my sample size.
Moreover, I found that students may be indicating similar scores in a query item
for substantially different reasons. For example, when queried regarding the benefits of
their group, one of the top codes for both group types indicated that their laboratory
experience was more enjoyable due to their group. However, I found a few subtle
differences in the two group types for why it was enjoyable. For instance, an assigned
student said, "It was great to not have to choose people to be with all the time and I think
our group got alone (along) really well," (Table 10). In contrast, a self-selected student
who found enjoyment as the primary benefit of their group stated, "It was pretty great to
be able to work with people I already knew and could work well with.” These subtle but
important differences suggest that at least some students in the self-selected sections
grouped with friends and acquaintances with whom they already shared a level of
comfort (Nhan and Nhan, 2019). Yet, this being a first-year introductory course, many
students may not have already formed friendships with classmates and experiences may
differ substantially within a single group type, or sometimes even within the same group.
For instance, one self-selected student noted, “...the other two in my group were close
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friends and I was not so it was sometimes hard to break into their discussion,” (Table 7).
A possible limitation of my study is that the majority of the study population were
White (77%) and women (66%), with substantial deviations from the mean within some
sections, which limits capacity to consistently assign demographically heterogeneous
groups. When possible I maintained a high gender distribution (Rosser, 1998), but it was
not always possible, and ethnic categories were not considered in group assignments. As
a result, implications will likely be different for classrooms that are more diverse. Studies
have suggested that when left to their own devices, students will often choose to work
with peers of the same ethnicity, gender, and similar academic ability (Mello 1993; Bacon
et al, 1998; Johnson and Johnson, 2011; Freeman et al, 2017), which can cause lower
cooperative outcomes due to homogeneity of perspectives. Environments with
substantially higher ethnic or gender heterogeneity might be well served by accounting
for demographic differences in group composition. Classrooms with more demographic
diversity therefore should err on the side of assigned groups.
These uncertainties might matter in ways that are difficult to predict. The
extensive peer group learning that students experience in their first year of college has
broad and vital implications on social course objectives. The first-year college
experience, including experiences in foundation courses such as the current course,
serves as a place for students to build the social support needed to persist and succeed in
their academic journey (Hausmann et al, 2007). In fact, many studies indicate it is often
not just academic challenges but rather social factors such as in long-term lab groupings
that influence student retention, performance, and sense of belonging (Tinto, 1987, 1993;
Halpin, 1990; Napoli and Wortman, 1998). This is especially the case for students who
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are underrepresented, first-generation, lower in socio-economic background, who
disproportionately leave STEM in the first two years (Graham et al, 2013). Therefore I
cannot rule out that a more in-depth understanding of student group dynamics and
attitudinal motives might reveal substantial factors which are important in balancing
groups that improve the long-term student well-being beyond the course in study.
Implications
There is considerable debate in the literature on how groups should be formed
(Donovan et al, 2018). Amongst these studies, some view that heterogeneous groups may
be more effective for cooperative learning groups (Heller and Hollabaugh, 1991; Miller et
al, 2012) yet others find similar outcomes with self-selected groups which are often more
homogeneous (Lou et al, 1996; Baer, 2003; Jensen and Lawson, 2011). However, in my
study, I did not find a substantial effect on student perceptions on cooperative group work
from intervening in group heterogeneity based on students’ prior knowledge and course
interest. If there is an effect, my study suggests it is likely small. However, my study does
indicate that students find substantial value in their experiences with group work in
developing their academic and social skills. At the same time, students experienced
diminishing concerns regarding group members over time. With such marginal
differences, the debate around group composition may be a distraction, and the efforts at
least relative to prior knowledge and course interest involved in balancing groups may
serve to discourage instructors to little clear purpose. Rather, my data in combination
with previous work suggests simply that more group work should be formed and more
group work should be done.
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Future Directions
My study has identified how students perceive their experiences and what they
identified as benefits of assigned and self-selected group types. However, studies also
show that student perceptions of their experiences influence their academic performance
(Marsh et al, 1988; Ferriera and Santoso, 2008). Therefore in the next section of this
work, I will examine any differences or alignments in academic performance for students
in assigned and self-selected groups.
My study also suggests that both group types experience positive gains in
cooperation from engaging in sustained group work. Yet while student perceptions and
attitudes matter, it is worthwhile to explore how students learn and work with each other
in their small peer groups; building evidence to inform practitioners on the effectiveness
of grouping strategies and how students in small groups interact and learn.
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V. COOPERATIVE LEARNING GROUPS IN A BIOLOGY
LABORATORY COURSE: EXPLORING ELEMENTS OF
COOPERATIVE LEARNING AND ACADEMIC
PERFORMANCE (Study 2B)
Introduction
Learning in peer groups requires students to engage in discussions and
interactions which benefit their learning and build life skills. When students work
cooperatively in groups, they stimulate others to think as they explain the materials to
each other (Leupen et al, 2020). Such positive group learning activities simultaneously
benefit students sharing their understanding and other students in their groups (Chi, 2009;
Chi and Wylie, 2014). Studies by Chi and Wylie (2014) and Leupen et al, (2020) found
that interactive engagement in group learning produces far better learning outcomes than
individual learning. These more recent findings are also backed up by decades of research
by the Johnson brothers, who demonstrated that most activities even beyond the
academic realm require far more cooperation in groups than competition (Johnson and
Johnson, 1996, 1998, 2006). Cooperative learning therefore enhances student learning in
knowledge acquisition, problem-solving ability, higher-level reasoning, and promotes
student engagement and persistence (Johnson et al, 1998, 2006; Springer et al, 1999).
As discussed above and in Study 2A, there is consensus on the benefits of
cooperative learning. However there is less consensus on how best to form the groups to
maximize learning and improve students’ group learning experience (Donovan et al,
2018; Nhan and Nhan, 2019). Therefore, our work below is directed toward demystifying
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the debate around how groups can be formed to enhance academic and social practices in
the laboratory context.
In Study 2A, we examined how first-year students self-reported their experiences
and what they identified as benefits and concerns of assigned base groups and
self-selected group types while engaged in extended group work in their biology
laboratory course. Assigned base groups are long-lasting and often academically
heterogeneous with stable group memberships (Johnson and Johnson, 1991). On the other
hand, the standard method for most group formation is to allow students to self-select
their groups (observation, Chapman et al, 2006; Donovan et al, 2018; Nhan and Nhan,
2019). We concluded from Study 2A that students had similar perceptions on cooperative
group work from group formation intervention. Overall, students in both group types
indicated finding a tangible benefit in developing academic and social skills from their
group experiences. We also found that over time as students continued to work with each
other, their initial concerns related to aspects of group work, which included unequal
participation and being assigned a group grade diminished.
In Study 2B, we expanded our study to explore how students in assigned and
self-selected groups learn and work with each other in their small groups. To do so, we
examined students from the same study population in both the assigned and self-selected
groups. We explored the evidence of cooperative learning in both groups using the
Cooperative Learning Observation Protocol (CLOP), a validated observation protocol
(Kern et al, 2007), and we also evaluated their performance by examining their course
grades. Along with our findings in Study 2A, utilization of the CLOP and evaluating their
performance builds evidence to inform practitioners on the effectiveness of grouping
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strategies and more specifically how students in small groups interact and learn while
engaged in a cooperative classroom task (Kern et al, 2007).
Literature Review
Cooperative learning stems from socio-constructivism and recognizes learning as a
social phenomenon (Vygotsky, 1968). Cooperative learning involves purposely planned
small groups of students working towards a shared learning goal (Deutsch, 1949a; Bybee
et al, 2010). By doing so, students learn through their cooperative interactions with each
other. The five essential elements of cooperative learning are positive interdependence,
individual accountability, group processing, social skills, and face-to-face interactions
(Johnson and Johnson 1998, 1999). In cooperative group work, the instructor provides
guidance and support to the peer groups throughout the task, beginning with forming
cooperative groups in a cooperative learning environment. In a successful cooperative
group, students grow to see each other as strengths to their own ability to learn and
succeed in the course. A positive perspective of group members is crucial because
first-year students are often less trusting of each other's skills and knowledge (Finster,
1991). Instead, students can often see each other as competition, harming their and their
peers' group experience. Cognitive studies demonstrate that many first-year students are
at a dualistic position and over time move towards a relativistic position (Perry, 1999).
Students with a dualistic perspective likely view instructors as the sole knowledge
authority and do not yet see themselves or other students as equal contributors to the
learning community (Kloss, 1994). A critical mass of students with a dualistic
perspective can create a hostile group learning environment (Finster, 1991) which can be
specifically harmful for underrepresented students in the STEM learning space
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However, if students have a positive group experience, it can likely reduce the
negative peer experience, bolstering their success in the course, encouraging them to feel
a sense of belonging and promoting their learning (Beck and Malley, 1998; Zepke et al,
2006; Meeuwisse et al, 2018). Cooperative learning, as opposed to more competitive or
individualistic methods, can create a sense of belonging and positively impact most
students (Johnson and Johnson, 2005).
Cooperative Learning Observation Protocol: The CLOP is a validated mixed
methods observation instrument to record and observe cooperative learning elements
(Kern et al, 2007). The instrument is based on the CEPT-Core Evaluation Classroom
Observation Program, an established and widely used instrument for recording
cooperative learning elements in the secondary education environment (Lawrenz et al,
2002). The CLOP underwent four rounds of revision (Kern et al, 2007). The final version
was observed by four separate groups to establish validity via the interrater reliability.
The raters received a Cohen’s Kappa of (κ)=.67, considered a substantial agreement
(Landis and Koch, 1977).
The CLOP includes the incorporation of detailed field notes of the group learning
activities. It also includes recording the frequency and evaluation of observed instances
of cooperative learning. The researchers' purpose in developing the CLOP instrument
was to evaluate the overall effectiveness of cooperative learning skills used by students
engaging in cooperative tasks. As identified by Johnson and Johnson (1999) and
encapsulated by CLOP, cooperative learning strategies include observations of a) positive
interdependence: evidenced by team members moving towards the task's goal; b) group
and individual accountability: evidenced by team members' active participation and
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holding others to the same standard; c) opportunities for group processing: evidenced by
the team setting and reflecting on the task's goals and the process toward task completion;
d) promotion of face-to-face interactions: evidenced by all ideas being listened to and
valued by all group members. Another evidence for face-to-face interactions is when all
group members contribute to the design and the task process. It also requires group
members to help each other, listen to each other while being inclusive and constructively
disagree. Finally, in developing the instrument, Kern et al, (2007), identified the
importance of social skills in cooperative learning. Social skills are evident when
members use proactive communication and generally agreed-upon social skills, including
eye contact while talking to and respecting each other's ideas (Kern et al, 2007).
Research Questions
Our Research Questions for Study 2B are:
1) What, if any, are the elements of cooperative learning prevalent in self-selected
and assigned groups in an introductory biology laboratory course?
2) How, if at all, does academic performance vary between students in the
self-selected and assigned groups?
Methodology
Research Purpose and Context
The overarching purpose of this study is to explore the implementation of
cooperative learning and examine any potential differences in academic performance for
self-selected and instructor-assigned groups engaged in biology laboratory curriculum
unit(s). To do so, the study employed the CLOP, a validated observational protocol (Kern
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et al, 2007) and evaluated students’ overall course grades delineated by individual and
group work. This study was at a liberal arts college situated in a midwest town
(population ~11,000) in the United States of America. The participants are all in an
introductory biology lab course in small groups of either three or four students, across
four lab sections totaling 13-16 students each. In addition to the students, the labs consist
of two undergraduate TAs and one instructor. The sections observed for the study were
taught by two female instructors, each with more than five years of teaching experience
in the given course.
The lab sections observed in the study were randomly assigned to either
self-selected groups or instructor-assigned groups before the start of the semester.
Instructor assigned groups were formed by cooperative learning methods (Johnson and
Johnson, 2008), which include consideration of students’ prior knowledge and interest in
the subject, as described in Study 2A. All the students in the groups were first-year
college students, aged 18 or above.
Curriculum Context
The small group interactions were observed during the 12th and 13th weeks of a 15
week course titled Organismal Biology. Organismal Biology is offered in the Spring
semester sequentially following a course titled Principles of Biology. The primary group
of students taking this course includes students with an intention to major in biology,
biochemistry (with a pre-med focus), environmental studies, or the life science teaching
majors. The course introduces students to the major organismal groups including
bacteria, protists, fungi, plants, and animals. Students are introduced to these groups by
examining distinguishing characteristics and the evolutionary relatedness among the
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organismal groups. The course closely explores organisms and their relationships to their
environment, investigating how populations overcome environmental challenges through
adaptations. Enrolled students attend four fifty-minute lectures a week and one three-hour
lab for the duration of the ~fifteen-week semester. Students worked together beginning
Week 1 of the labs.
Lab A: Trailblazing Termites: What sensory cues do termites use to follow trails?
Students were tasked with observing termites and developing and testing
hypotheses regarding which sensory cues termites use to follow trails. Students first
observed termite preference for colored pencils or pens as a small group, then worked as
a class to determine which elements would be tested in the next round of experimental
design. After completing the activity, students used statistical inference to determine the
likelihood of the data supporting their hypothesis. Throughout the lab, students answered
questions related to their observations and findings, as well as to the process of
experimental design. As a part of the assignment, students also submitted a figure and an
appropriate caption that summarized their results.
Lab B: Phylum Arthropoda: Anatomical diversity and cryptobiosis
In this activity, students explored reanimation from cryptobiosis in sea monkeys, a
type of arthropod. Students began the class by designing a three-day experiment to
explore the impact of environmental variables on reanimation from cryptobiosis using sea
monkeys. After completing this, students worked as a group to explore arthropod body
plans and identify differences in these morphological characteristics amongst the various
subphyla. Post this activity, students cemented their understanding by completing an
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individual quiz. Once the group activity was completed, students wrote an abstract for
their experiment and completed a computer-generated figure as a group.
Group Selection
Laboratory sections were randomly designated as instructor-assigned or
self-selected groups at the beginning of the semester. Instructor-assigned groups were
determined by evaluating students’ prior knowledge through a pre-assessment (Appendix
A), interest in the subject (Kern et al, 2007), and genders balanced across groups when
possible (Rosser 1998; Handelsman et al, 2004). Interest in the subject was self-reported
by students. Students were directly asked, “Please rank your level of interest in this
course,” which included a Likert scale response ranging from Strongly Interested to
Strongly Disinterested. The assessment questions were created by two faculty members
who have taught the current and the preceding courses for over five years. A senior
biology professor with extensive discipline-based education research (DBER) experience
also verified the assessment. Gender was also self-reported by the students via an
open-ended response.
Data Collection
CLOP Observations: As part of the CLOP, participants were recorded while
engaged in the course. The team composition and the cooperative task at hand were also
recorded. The CLOP instrument also includes the details of the instruction and lesson
context leading to the task (Appendix B). Once the lab began, detailed field notes were
taken, including the groups' activities and any notable interactions. The frequency of the
interactions occurring in five-minute intervals of the observed cooperative learning
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activity was captured by the CLOP (Appendix C). As per a detailed rubric, high, medium,
or low scale of the elements were coded (Table 11). Elements coded as high met all
criteria defined by the CLOP, while medium elements met half of the criteria, or many at
a minimal level, and low elements met few of the criteria, or most interactions that
occurred were counterproductive to group processes. While the CLOP instrument,
created by Kern, Moore, and Akillioğlu (2007), originated from observing a
graduate-level course, the criteria effectively summarized the interactions observed in
introductory biology laboratories, and no revisions were made to the rubric.
Six separate lab periods were observed for this study, while controlling for both the
curriculum, instructor effect, and the students themselves (Fig. 10). Students in the
assigned group, taught by Instructor 1, were observed during Labs A and B. Similarly,
students in the self-selected group, taught by Instructor 2, were also observed in the same
labs. Separate student groups were observed, both self-selected and assigned, taught by
Instructors 1 and 2, respectively, to control for the impact of pedagogical differences
experienced during varying teaching methods. This course lasted for the duration of the
semester, and Lab A occurred in Week 13, while Lab B occurred in Week 12, allowing
for the inference that students were comfortable with the expectations and structures of
the course at the time of observation.
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Table 11. Criteria for cooperative learning interactions in introductory biology lab




There is evidence of
group cohesiveness for
accomplishing the task.
1. All members acknowledge the task as a joint goal
that they can achieve.
2. Members undertake specific roles necessary to
complete the task.
3. There is established identity and ownership within
the team.
4. Members’ actions are dependent on the actions of
others.
5. Each group member contributes their own unique









1. Each member individually participates and
contributes to the team’s effort to accomplish the
task.
2. All members are able to articulate and justify the
process of group work.
3. Each member contributes to team learning.
4. The team takes responsibility to ensure each




Students use ways to
improve the processes
team members use to
maximize their own and
each others’ learning.
All members are involved in:
1. Giving feedback about the effectiveness of team
processes.
2. Setting goals related to accomplishing the task.
3. Reflecting on the effectiveness of processes, on the
goals of the task, on the progress made towards









1. Team members give positive encouragement to
each other
for success and celebrate the team’s work.
2. All members value each others’ ideas and efforts by
respecting members.
3. Each member feels safe to take risks during
interaction without fear of peer judgement or
retribution.
Grades: The final course scores were compared with grades obtained in the
previous class. Final course scores were also compared while delineating students'
performance in group assessments (project/exam scores) and individual assignments.
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Data Analysis
All students’ responses were downloaded to Microsoft Excel from Google Forms,
and all information was de-identified. All incomplete data were removed, including a
handful of students who directly enrolled in the course; likely via transfer credits from
high school or from successful standing in standardized exams (i.e., Advanced Placement
or college credit equivalent courses), thereby not completing the preceding course at this
institution. Individual student scores were compared between the previous course and the
current course using the Pearson correlation coefficient, also known as Pearson’s r, to
measure the linear association between the two scores. r=1 is a perfect correlation, and
r=-1 means a perfect negative correlation. An r value of 0 indicates no correlation. A
parametric independent t-test was run to compare grade items. The strength of the effect
was determined using Cohen's d if a statistically significant difference was observed
(p<.05). Individual student scores were also compared between assignments completed as
a group and assignments completed alone using the Pearson correlation coefficient.
The study design and survey instruments were approved by the institution’s IRB
(approval #1819-0153).
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Figure 10: Areas of analysis for the CLOP. For one particular class module (Lab A),
the CLOP protocol was implemented for all possible combinations of instructor and
group type (each of the four corners). For another module (Lab B), analysis was confined
to an Assigned group with Instructor 2 and a Self-Selected group with Instructor 1 (the
lower right and upper left quadrants, respectively).
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Results
Cooperative Learning Elements Analysis
Comparing assigned and self-selected for Instructor 1
Group Specifics: For Instructor 1, the assigned group was present in Section 1 of
the course. We picked the group positioned closest to the video observation set-up for
evidence of cooperative learning. Section 1 had a total of 15 students with a majority
identifying as White (14). There was one Black student and the self-reported gender
breakdown included nine females and six male students. The structure of the classroom
allowed for groups to sit in rows or groups. Most students chose to sit in groups of four,
facing each other, allowing for more face to face interaction between group members.
The demographic information of the observed assigned group is recorded in Table 12.
The self-selected group was present in Section 2 of the course, and again, we
observed the group closest to the video set-up. Section 2 also had a total of 15 students.
11 students self-reported as White, two as Asian, one as Asian and White, and finally one
as unreported. The reported genders were four men, ten women and one as unreported.
The structure of the classroom was the same as Section 1. Students opted to sit in groups
of four, facing each other, to carry out their experiment. The demographic information of
the self-selected group observed is recorded in Table 13.
Table 12. Instructor 1: Demographic information of the assigned group (Section 1).
Year in School Gender Ethnicity
Student 1 1 Male Black
Student 2 1 Female White
Student 3 1 Female White
Student 4 1 Male White
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Table 13. Instructor 1: Demographic information of the self-selected group (Section
2).
Year in School Gender Ethnicity
Student 1 1 Female White
Student 2 1 Male Asian & White
Student 3 1 Female Asian
Student 4 1 Female White
Similarities: In Lab A, students observed termite behavior to hypothesize forms of
sensory receptors used to follow trails. In doing so, students in both self-selected and
assigned groups demonstrated all elements of cooperative learning for Instructor 1. In
particular, we found positive interdependence and individual accountability elements
more frequently in both (Fig. 11). For instance, self-selected and assigned students for
Instructor 1 demonstrated high elements of individual accountability, evidenced by
individual effort and contribution to the group (Kern et al, 2007). We observed all
members in both groups articulating their ideas about controls and confounding variables
to each other. Additionally, all students in the groups participated and asked each other,
the instructor, and teaching assistants questions (Fig. 11).
Likewise, we also observed high elements of positive interdependence for both
sections taught by Instructor 1. Positive interdependence is defined as group cohesiveness
for accomplishing the task at hand (Table 11). In doing so, positive interdependence was
observed in 15 out of 16 five-minute intervals (93.75%) for the assigned group. The
element occurred throughout the class time with both explicit, such as direct
communication, and implicit, such as nonverbal or subtle, components. In Lab A,
positive interdependence was evident when members met the criteria of acknowledging
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the tasks as a mutual goal, undertaking specific roles, and contribution of unique
resources (Table 11). For instance, in Instructor 1’s assigned group, a student in the group
had previously researched termites. He shared his knowledge with his group mates,
discussing that termites prefer specific chemical compositions. His insight spurred a
conversation amongst the whole group, and other members also contributed their
knowledge about termites, experimental methods, and pen inks to the group discussion.
The criterion of undertaking specific roles was evident when students prepared for
experimental trials, while the contribution of unique resources occurred throughout the
lab, as more discussion and interaction was needed to complete two separate instances of
experimental design planning.
In the self-selected group, we observed positive interdependence in 15 out of 17
five-minute intervals (88.24%), as well. As before, this element of cooperative learning
was met explicitly and implicitly as students communicated directly or observed the
actions of their group. The self-selected group also demonstrated evidence of undertaking
specific roles and contributing unique resources. Similar to the assigned group, students
undertook roles necessary to complete the task as students prepared for experimental
trials, commonly in an implicit manner. For example, one student noticed that a group
member was collecting pens for the trails and decided to obtain termites for the group,
while a different student prepared the cleaning supplies. All of this was done without
explicit communication as students assessed the current needs of the task. As before,
students met the criterion of contribution of unique resources throughout the lab,
especially during instances of experimental design as students articulated their ideas and
concerns.
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Differences: We noted some small differences in the frequency of elements
observed between the two group types for Instructor 1’s sections. We observed more
evidence of group processing, defined as improving the processes team members use to
maximize their own and each others’ learning (Table 11), in the assigned group, with ten
intervals (five low, five medium) compared to seven (six low, one medium) in the
self-selected group. The greater count of ‘medium’ elements suggests a diversity of group
processing skills (Table 11). For instance, although we found frequent evidence of
students giving feedback to each other on the experimental hypothesis and design in both
groups, we saw more frequent feedback about the effectiveness of team processes in the
assigned group. For example, students in the assigned group debated the best way to
control confounding variables in their experimental design. Students reflected on the
effectiveness of their controls, such as pen and pencil brands and colors, while
questioning what confounding variables would exist with each design, such as the
chemical composition of ink. To illustrate this interaction in the assigned group, Student
2 asked Student 4, “But aren’t they all different brands?” to which Student 4 replied,
"They're all different brands, but they're all colored pencils." This conversation
highlighted how students were working through the components of group processing by
reflecting on the effectiveness of their experimental design. While similar conversations
were noted in the self-selected group, students failed to meet the criteria of giving
feedback about the effectiveness of team processes as frequently as students in the
assigned group, accounting for group processing being coded as ‘medium’ more
frequently in the assigned group than the self-selected group.
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In the assigned group, we observed frequent evidence of promotive interaction,
defined as students supporting one another in a positive and encouraging environment
(Table 11). Specifically, the criterion of group members respecting and valuing the ideas
and efforts of others was met implicitly and explicitly with behaviors like nodding, verbal
confirmations, and eye contact. Additionally, students in the assigned group demonstrated
feeling safe to take risks without fear of retribution or judgement, as evidenced by
frequent statements starting with “I think...,” “I said...,” and “What do you think
about…”. Students were able to share their own thoughts and ideas with the group
without facing negative feedback.
Figure 11: Incidence of cooperative learning elements in self-selected and assigned
groups taught by Instructor 1 in Lab A. Students were observed during 5-minute
intervals for a total of 18 intervals during the self-selected group’s work time and 16
intervals during the assigned group’s work time. Using the protocol, student interactions
were coded as high, medium, or low. Elements coded as high met all criteria, while
medium elements met half of the criteria, or many at a minimal level, and low elements
met few of the criteria, or were counterproductive. Both groups engaged in positive
interdependence and individual accountability the most frequently, but the assigned group
engaged in more group processing and promotive interaction.
Comparing assigned and self-selected for Instructor 2
Group Specifics: For Instructor 2, the assigned group observed for cooperative
learning elements was present in Section 3. Section 3 had 17 students, 14 of whom
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identified as female and three as males. The class was predominantly White (14) with
three BIPOC students, each identified as Hispanic, Black, and Asian. The classroom
structure allowed groups to sit in rows or groups, but the students chose to sit in a row of
four and worked in groups of two instead of a whole group. We recorded the
demographic information of Group 1 in Table 14.
The self-selected group was present in Section 4. The specific group observed for
elements of cooperative learning and the entirety of Section 4 mostly consisted of White
women. Section 4 had a total of 15 students. Ten students report as White, two as
Hispanic, and one as Asian. These students self-reported as three males and ten females.
The students opted to sit in rows of four and commonly subdivided themselves into two
groups instead of one. For the self-selected group, we also found that all four students,
while present in class, opted to work in pairs and rarely consulted across pair lines. We
recorded the demographic information of the group observed in Table 15.
Table 14. Instructor 2: Demographic information of the assigned group (Section 3).
Year in School Gender Race
Student 1 1 Female White
Student 2 1 Female White
Student 3 1 Male White
Student 4 1 Female Black
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Table 15. Instructor 2: Demographic information of the self-selected group (Section
4).
Year in School Gender Race
Student 1 1 Male White
Student 2 1 Female White
Student 3 1 Female White
Student 4 1 Female Asian
Differences: We found higher frequencies of cooperative learning elements in the
assigned group than in the self-selected group for Instructor 2 (Fig. 12). In total, we
observed 17 instances of cooperative learning in the self-selected group compared to 39
instances in the assigned group. The difference was chiefly for the group processing
element, identified when students find ways to improve member processes to maximize
learning for all members (Table 11). In the assigned group, we found three instances for
group processing and none for the self-selected group. In the assigned group, we
observed group processing, specifically for reflecting on the effectiveness of steps taken
towards the task. Students in the assigned group, especially Students 3 and 4, had
conversations about the experimental design and how effective it would be for testing
termite sensory receptors. Specifically, the students interacted with their teaching
assistant to confirm what confounding variables may be in their tentative design. After
determining that their confounding variable would be factors like ink color, the students
settled on a design that they believed would yield the best results, illustrating group
processing.
Likewise, we also found little evidence of promotive interaction for self-selected
students (one medium) but found several instances of the same for assigned groups for
Instructor 2 (six low, two medium). In the assigned group, we observed criteria, including
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students valuing each other's ideas and efforts. One instance of this criterion occurred
during the process of experimental design. Students were expressing their opinions about
what constituted a control or a confounding variable, using language such as "I think...,"
or "I don't think..." Students shared their opinions, and group members responded with
verbal and nonverbal cues like agreement, nodding, and eye contact. Likewise, we also
observed students feeling safe to take risks without fear of retribution or judgment. This
criterion is closely related to feeling valued within the group, and students in the assigned
group solicited the team's opinions by asking questions that led with "What do you
think…" and sharing their own opinions with the group. These interactions indicate that
students felt comfortable sharing their ideas without fearing negative responses.
Similarities: Elements of positive interdependence and individual accountability
were frequent in both groups for Instructor 2. In the assigned group, we found 13
instances of positive interdependence (nine medium, four low), and we found seven
instances (low) for the self-selected group (Fig. 11). For instance, in both the self-selected
and assigned groups, we found that group members acknowledged the task as a mutual
goal and undertook specific roles, both fulfilling the promotive interaction criteria. In
addition, we also found evidence of group members contributing unique resources with
fellow members in the assigned group.
We observed individual accountability frequently for both group types. In the
self-selected group, we found nine instances (low), and in the assigned group, we found
15 instances (six medium, nine low). The self-selected students met the criterion of
individual participation and contribution for every instance of individual accountability.
For the assigned group, students met the same criterion while also engaging in
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articulation and justification and contributions to team learning. Yet, for both the
assigned and self-selected groups, none of the elements were coded as high.
Figure 12: Incidence of cooperative learning elements in self-selected and assigned
groups taught by Instructor 2 in Lab A. Students were observed during five-minute
intervals for a total of 16 intervals both during the self-selected assigned groups’ work
time. Using the protocol, student interactions were coded as high, medium, or low.
Elements coded as high met all criteria, while medium elements met half of the criteria,
or many at a minimal level, and low elements met few of the criteria or were
counterproductive. Both groups engaged in positive interdependence and individual
accountability the most frequently, but the assigned group engaged in more group
processing and promotive interaction.
Comparing instructional approaches
There were noteworthy differences in the pedagogical approach between the
instructors even though the laboratory curriculum was identical. For instance, Instructor 1
opted to ask many questions to the individual groups about their experimental designs
and in the process asked for definitions, and frequently pressed for students to justify
their thoughts and answers. When asked questions by the students, Instructor 1 would
answer briefly and then counter the student with another question, leading to the students
processing their own questions and usually coming to a conclusion or answer themselves.
The instructor also moved about the classroom, interacted with all groups, and only
controlled the conversation during periods of instruction or whole-class brainstorming.
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Instructor 2, in contrast, tended to address the entire class together, engaging in more
direct teaching methods. For instance, Instructor 2 led a class discussion on the scientific
process, detailing key elements of possible experimental designs, which the students
subsequently voted on to adopt their experimental setup. Instructor 2’s approach was
notably more time efficient (the entire lab took 1 hour 45 minutes, as opposed to 2 hours
and 24 minutes for Instructor 1), which decreased the amount of time in class for
cooperative learning to occur but may have other benefits.
Lab B for assigned students (Instructor 1)
Along with individual accountability, positive interdependence was the most
frequently observed cooperative learning element for the assigned groups in Lab B (Fig.
13). For positive interdependence, students commonly met the criteria of undertaking
specific roles and contribution of unique resources during periods of experimental design,
while evidence of acknowledging a joint task and mutually dependent interactions
occurred during the experimental trial. For individual accountability, students commonly
met the criterion of individual participation and contribution. Comparing Lab A and Lab
B, group processing varied the most, likely due to the design of the activity. In Lab A,
students carried out two instances of experimental design, one for students to test
themselves and one to propose to the class, while Lab B had one instance of experimental
design. However, even when accounting for differences in curriculum, we saw evidence
of promotive interaction at similar frequencies between the two labs. Students met the
criterion of positive encouragement through nonverbal cues such as eye contact and
nodding, which fostered an encouraging environment and ultimately met the criterion of
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feeling safe to take risks without fear of retribution or judgement. Specific examples of
these criteria and cooperative learning elements can be found in Appendix D.
Figure 13: Incidence of cooperative learning elements in the assigned groups,
comparing between lab modules. Students were observed during 5-minute intervals for
a total of 16 intervals for both Lab A and Lab B. Using the protocol, student interactions
were coded as high, medium, or low. Elements coded as high met all criteria, while
medium elements met half of the criteria, or many at a minimal level, and low elements
met few of the criteria or were counterproductive. Students engaged in all elements of
cooperative learning, with positive interdependence and individual accountability
occurring most frequently.
Lab B for self-selected students (Instructor 2)
During Lab B in Section 4, Student 2 was absent, and we observed Students 3 and
4, as Student 1 worked with another group. Positive interdependence and individual
accountability were the most frequently observed elements of cooperative learning in Lab
B for the self-selected group, and we saw little evidence of promotive interaction and no
evidence of group processing (Fig. 14). For promotive independence, students commonly
met the criteria of acknowledging the task as a mutual goal and undertaking specific
roles, while we observed individual participation and contribution as the commonly met
criterion for individual accountability. However, the frequency of cooperative learning
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elements differed between Lab A and Lab B, especially for positive interdependence
(seven times and 12 times, respectively) and individual accountability (nine times and 17
times, respectively). These elements were still the most abundant evidence of cooperative
learning in the self-selected group, and this variation may be attributed to limitations
associated with the CLOP. In Lab A, we observed all four students in the self-selected
group, which created strict application of the CLOP, as all four students needed to meet
the criteria individually for the element to be coded at any level. Conversely, only two
students were observed in Lab B, which lowers the threshold for coding elements. This
difference likely affected the frequency of positive interdependence and individual
accountability, but group processing and promotive interaction were not noted in either
lab, regardless. Specific examples of cooperative learning for Lab B are outlined in
Appendix E.
Figure 14: Incidence of cooperative learning elements in the self-selected group,
comparing between lab modules. Students were observed during 5-minute intervals for
a total of 16 intervals (x-axis) during Lab A and 21 intervals (x-axis) during Lab B.
Using the protocol, student interactions were coded as high, medium or low. Elements
coded as high met all criteria, while medium elements met half of the criteria, or many at
a minimal level, and low elements met few of the criteria or were counterproductive.
Students engaged in positive interdependence and individual accountability most
frequently, with little to no evidence of group processing or promotive interaction.
Notably, we observed four students for cooperative learning elements in Lab A, while
only observing two students for cooperative learning elements in Lab B
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Student Academic Performance in Assigned and Self-Selected Groups
Participants are representative of the students in the course
We found a statistically similar average score in the preceding course for students
who participated in the study and students in the course at large, indicating our sample
was representative (Appendix F). Similarly, we found no significant difference in the
total course grades between non-participants and participants when comparing their
grades in the current course (Appendix F).
Consistency of student scoring across sequential courses
There was a high level of correlation (r=.831, Pearson’s r), without a notable
difference between students from assigned and self-selected groups (r=.856 and r=.814,
Pearson’s r) when we compared all student scores between their current lecture course
and the previous lecture course (Table 16). In comparing all student scores between the
current lab course and the previous lab course, however, there was a positive but low
level of correlation (r=.286, Pearson’s r) (Table 17). Finally, students in assigned groups
had a moderate correlation (r=.364, Pearson’s r) to their previous lab course scores,
somewhat higher than the low correlation in the self-selected group (r=.217, Pearson’s r).
Table 16. Comparison of course lecture grades.
Population Measure Lecture Pearson CorrelationCoefficient (r)
All Students
Previous vs.
Current Lecture Course .831
Assigned
Previous vs.
Current Lecture Course .856
Self-Selected
Previous vs.
Current Lecture Course .814
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Table 17. Comparison of course lab grades.







Current Lab Course .364
Self-Selected
Previous vs.
Current Lab Course .217
Comparable academic performance between self-selected and assigned groups
We began the analysis by establishing a baseline from the participants’ respective
performances in the previous course. Assigned students on average scored 85.10, and
self-selected students secured 84.19, with a p-value of .280 and a failure to reject the null
hypothesis - or that is to say, in the earlier course, the students appeared to be similar
performers. Likewise, students also had statistically similar academic performances in the
current course overall, including lecture grades. For the current course the means between
the groups indicated a p-value of .073, demonstrating a statistically similar score (p>.05)
in academic performance for students in the assigned and self-selected groups (Table 18).
However, we found a statistical difference in academic performance when we dial
down to see how students perform in the individual versus group tasks within the current
course (Table 19). Laboratory grades completed in groups for 40 participants in the
assigned group and 38 participants in the self-selected groups were analyzed using an
independent t-test. Assigned group students (M=88.73, SD=2.862), compared to the
self-selected group (M=86.37, SD=3.22) demonstrated significantly higher scores in
laboratory group work, (t(75)=3.394, p=.001). Therefore group type may have a
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significant effect on group laboratory performance, with a moderate to large effect size
(d=.77, Cohen’s d), indicating that about three quarters of students from the self-selected
group had scores below the mean of the assigned group. In contrast, there was no
significant effect on laboratory grades of individually completed work (t(74)=1.374,
p=.174), despite assigned groups (M=87.81, SD=3.877) attaining slightly higher scores
than self-selected groups (M=86.47, SD=4.621) (Table 19).
Scores for individual assignments vs group assignments
We also found a high correlation between individual and group work assessment
for self-selected students (r=.501, Pearson’s r). In comparison we found a moderate
correlation for assigned groups between their group and individual assignments (r=.355,
Pearson’s r). Therefore, assigned students had lower consistency between scores on the
different types of assignments; students who scored highly on group work did not
necessarily score highly on individual work, and vice versa. On the other hand,
self-selected students had more similar scores on their individual and group completed
work for the current course.
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Table 18. Comparison of course grades between assigned and self-selected students.










Self-Selected 82.71 36 .910
Table 19. Comparison of individual and group completed lab work between
assigned and self-selected students.










Self-Selected 86.47 36 .760
Discussion
We observed many similarities between group types, but a greater frequency of
cooperative learning elements in the assigned group when controlled for the instructor
and the lab curriculum (Figs. 11, 12). In addition to the difference in cooperative learning
experiences from group type, we also observed a practical but small difference in the
scores of assignments completed as a group (Table 19).
Cooperative Learning in Self-Selected and Assigned Groups
Instructional approach is critical for cooperative learning
From our CLOP analysis, we found that although grouping strategy influences
cooperative learning, the pedagogical approach of instructors likely has a greater
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influence. This is supported by the noticeable difference in the frequency of all
cooperative learning elements between Instructors 1 and 2, regardless of group type
(Figs. 11, 12). In particular, we found larger differences in group processing. We coded
ten observations (five low, five medium) of group processing in the assigned group for
Instructor 1, versus three (low) for Instructor 2. We also observed some differences in the
promotive interaction related to greater high and medium criteria codings for Instructor 1,
indicative of more diversity of interaction types (Fig. 11). We found eight observations
(five low, two medium, and one high) of face-to-face promotive interactions for
Instructor 1’s assigned group in comparison to eight observations that were primarily low
(six low, two medium).
These findings suggest that an instructor’s pedagogical approach may play a
critical role in the implementation of cooperative learning in the laboratory space. To
state this more confidently, we would want to repeat this with other instructors and
various types of laboratory curriculum. In our study, we found that group processing and
promotive interaction are the two elements of cooperative learning most impacted (Figs.
11, 12). Group processing is particularly important for long-term groups and for
culturally diverse classrooms (Tanner et al, 2003; Johnson and Johnson, 2005). Group
processing exists when group members discuss how well they are achieving their goals
and maintaining effective working relationships. Through group processing, students can
develop the social skills necessary for interacting effectively with peers who come from
different cultural backgrounds to their own (Johnson and Johnson, 2005). This will be
relevant for other contexts where the study population is more culturally diverse than
ours. During group processing, students must communicate with each other on how to
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effectively work as a group, working through points of tension and learning over time to
cooperate more effectively with members.
We observed group processing in three of the four sections across both
self-selected and assigned groups (Figs. 11, 12). In our study, the highest frequency of
group processing was driven by instructional decisions that promoted students in small
groups to learn from each other. To illustrate, Instructor 1 had students design
experiments in small groups and present their proposed experiments to the class. This
instructional approach encouraged students to share ideas and brainstorm together. As a
result, group members had a vested interest in engaging in group processing because they
would have to present their ideas to the class. Moreover, the experimental design that was
most robust (i.e. all confounding variables, and details addressed, resources procured etc)
was chosen by their peers as the whole class experiment. In this process, students were
both learning from each other about the rigors of the scientific method but were also
learning a social skill, which can translate to future group work. These instructional
decisions resulted in more opportunities for group members to engage in group
processing and promotive interaction.
Promotive interaction exists when students have time to converse verbally and
discuss key concepts with each other (Johnson and Johnson, 2005). For promotive
interaction, structured discussions are particularly helpful (Tanner et al, 2003). In the
above example, for instance, Instructor 1 scaffolded the experimental design process with
multiple stages for the instructor and different members to pose questions to each other,
thereby stimulating an exchange of ideas amongst all group members. In doing so,
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students had the opportunity to verbally express their understanding to the whole group
while promoting and encouraging each other's efforts towards the work at hand.
Because Instructor 1 chose to incorporate the experimental design stage at the
group level, students were sharing ideas and brainstorming together, resulting in more
opportunities to engage in group processing and promotive interaction. This activity did
not occur in either of Instructor 2’s sections and likely as a result, contributed to lower
cooperative learning but resulted in a temporally more succinct laboratory experience.
While the benefits of shorter class times are not within the scope of this analysis, they
should not be dismissed. However, the instructional decisions of the two instructors may
have resulted in the variation of cooperative learning interactions observed (Figs. 11, 12).
There may also be some benefits to teaching to the whole class as engaged by
Instructor 2. According to the developmental learning theorist William Perry, students
early in their learning process are more likely to have a dualistic position, viewing
instructors as the sole authority of knowledge and therefore may not yet be ready to learn
heavily from their peers (Kloss, 1994). As such, instructional strategies that are grounded
in social learning theories (i.e. group work), and other learning strategies geared toward
the application of knowledge may be difficult for dualistic thinkers. Instead, according to
Perry’s work, teachers should incorporate some features which are more conducive to a
dualistic thinker, such as direct instruction, as students move further towards relativistic
thinking (Myers, 2010). In this light, Instructor 2’s approach might be geared towards a
gradual scaffolding approach, where students become more reliant on their peers over
time. As the CLOP observations were during a small window of time (weeks 12 and 13),
any progression over time would not have been captured.
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The instructor difference sheds light on a potential reason why there remains a
lack of consensus in the literature on group type formation (Donovan et al, 2018) -
namely, the instructor implementing each study is a potential confounding variable. For
instance, in multiple studies that examine grouping strategies, we found that instructor
variation was not accounted for in examining cooperative learning (McInerney and Fink,
2003; Gaudet et al, 2010; Nhan and Nhan, 2019). While our study had an equal number
of sections taught by both instructors for each group type, comparisons across different
studies will not have this advantage. Further instructional differences could also explain
some of the studies that suggest that self-selected groups may be more beneficial (Strong
and Anderons, 1990; Bacon et al, 1999).
Curriculum influences the frequency of cooperative learning
Our CLOP analysis also suggests that there is likely some influence from the
curriculum on cooperative learning in the class. For instance, there was a higher
frequency of group processing in Lab A (week 13) compared to Lab B (week 12) for
Instructor 1. We coded for three (two low, one medium) instances of group processing for
Lab B, and ten (five low, five medium) for Lab A (Fig. 13). Our analysis suggests that the
structure of the lab activities in part may contribute to the difference in frequency of
group processing and other CLOP elements. For instance there were multiple
brainstorming and feedback opportunities integrated into the lab activity resulting in
group processing that were absent in Lab B.
However, we observed no consistent pattern in the change from modifying lab
type, suggesting less influence from the curriculum compared to the differences from
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instructors (Fig. 13). For example, we observed similar patterns from modifying the lab
curriculum type supported by increased elements of all CLOP measured elements for Lab
B compared to Lab A when we controlled for instructors (Fig. 13, Appendix D).
Additionally, when comparing between lab modules for Instructor 2 with the self-selected
group, we noted higher levels in Lab B for positive interdependence (11 low, one
medium) and individual accountability (15 low, two medium) versus Lab A (seven low
and nine low, respectively), with other elements broadly similar (Fig. 14). On the other
hand, the changes for Instructor 1 were minimal across the two lab types. (Fig. 13). While
a direct comparison between group types or instructors for Lab B would be inappropriate
with the present data, we found no evidence which contraindicated earlier interpretations
between instructors or group types.
Academic Performances for Students in the Self-Selected and Assigned Groups
The high correlation between student scores across semesters in lecture classes
(r=.831, Pearson’s r, all students) reflects that traditional lecture classes utilize and reward
a consistent set of skills. Lab classes, on the other hand, have a higher level of variability.
This is seen in the lower correlation between lab scores across semesters (r=.286,
Pearsons’s r, all students), compared to the strong correlation found between lecture
scores (r=.831, Pearson’s r, all students) (Tables 16, 17). As a result, a laboratory
experience can take a student who has strong academic performance in lecture and
challenge them in ways that they may not usually face. On the other hand, students who
may not be consistent strong performers in their previous courses have a chance to see
their talents reflected in their course scores. This underlines the importance of group
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work at this stage of their major/college, especially as we see a huge drop off from STEM
majors soon after the first two years (Chen, 2013).
While our academic performance data shows a significant difference in one type
of assignment scores with a moderately strong effect size, we found that students in
assigned and self-selected groups largely have similar academic performances reflected
in their grades overall (Tables 18, 19). This finding is consistent with similar studies
including the work of Harlow et al, (2007) who examined performance differences from
team make-up which were instructor assigned (based on pre-assessment scores) and
randomly assigned. They found no difference in performance from team make-up and
subsequently recommended random selection of group members as it required less effort
towards implementation.
When lab grades were delineated based on individual vs. group work, students in
the assigned group secured significant gains beyond the self-selected group. The assigned
group type had on average a relative gain of 2.36%, but only on assignments completed
as a group. It is unclear if gains only in group and not in individual work indicate higher
subject competence. One explanation might be, as suggested by Gibbs (2009), that group
grading can potentially lessen student learning opportunities as some members may
“freeload” from the effort of their peers, which might be more evident in academic
heterogeneous groups due to larger potential gains for low scoring students - although our
findings from Study 2A indicated that students report equal contributions from all group
members. It is also possible that our study was underpowered to capture gains in
individual work from assigned groups due to a limited sample size, though in any case
our group type difference is small. Some previous studies suggest that heterogeneous
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groups have positive effects on individual learning (Heller and Hollabaugh, 1991;
Handelsman et al, 2004). Our results are insufficient to support this claim, but are not in
conflict with it based on our sample size.
As reported above, we also observed that self-selected students tended to obtain
similar scores on their individual work and group work, (r=.501, Pearson’s r). This might
occur if self-selected students tended to complete their group work alone, supported by
our analysis of the CLOP where multiple self-selected students segregated themselves
away from table members during parts of the laboratory activities. Alternatively, it also
suggests that self-selected groups were more academically homogeneous in membership,
a finding supported by multiple previous studies (Mello, 1993; Bacon et al, 1998;
Johnson and Johnson, 2011; Freeman et al, 2017). In contrast, the lower correlation
between group and individual assignment for assigned students (r=.355, Pearson’s r) is
consistent with a positive effect from academic heterogeneous groups on their group
assignments that did not translate to their individual assignments. However, any
conclusions drawn from academic performance should be tempered with the
understanding that academic outcome is a limited way to examine competency and to
gauge student learning (Kohn, 1993; Farias et al, 2010).
Implications
Examining the evidence of cooperative learning elements in an introductory
biology course allows practitioners to identify areas of growth and avenues for
cooperative learning. Our findings in totality suggest that for instructors keen on
cooperative groups, the instructor's pedagogical approach may be more vital than the
grouping strategy. For instructors that are more aligned with cooperative learning, group
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type does not appear to matter as much. However, group type does appear to affect
instructors who may be less familiar with cooperative learning.
Building on our findings for Study 2A our findings in Study 2B suggest structured
group work requires scaffolded instructional support and an effective curriculum for
reaping the benefits of cooperative learning. As a result, successful cooperation requires
the fertile ecology of a pedagogical approach and a laboratory curriculum that supports
cooperative groups. When these factors are considered we find there are more similarities
in the evidence for cooperative learning regardless of group type (Fig. 11).
Once pedagogical approach and curriculum are controlled for, our study suggests
there is evidence that assigned groups which are academically heterogenous allow for
more cooperative learning opportunities for first year students (Figs. 11, 12).
Additionally, our data, along with previous studies, suggest that this type of assigned
group also allows for academic benefits, though limited to assessments from group work.
However, before prioritizing grouping strategies, we recommend instructors ‘practice’
cooperative learning on small scales at shorter timelines while incorporating more
scaffolding practices and making tacit education processes more explicit at the level of
the curriculum. This is particularly vital for culturally diverse classrooms where students
from minoritized backgrounds can be unfamiliar with STEM classroom cultures.
Moreover, this strategy is also important for instructors gaining familiarity with
cooperative learning.
Future Directions
In Study 2A and 2B of our study, we examined student perceptions and student
practices in depth. Our findings were also supported with data on student performance
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while noting observations of pedagogical and curricular influences. In doing so, our study
has identified that instructional approach and the curriculum are critical to the successful
adoption of CL, likely even more than group type. Therefore a critical interrogation of the
pedagogy and curriculum would help to complete our holistic examination of cooperative
learning in this context, and allow me to develop a practical framework for
implementation of cooperative learning in the first-year biology laboratory context.
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VI. DISCUSSION
Below I briefly revisit my findings from the three chapters and then delve into the
combined conclusions, implications, and future directions that demonstrate the evolution
of my understanding of group learning practices in the STEM/biology context through an
in-depth multi-faceted approach (Fig. 15).
Figure 15: Synthesized outline of data collected in my 3-study dissertation.
Chapter 3
Summary:
Study 1 of my dissertation revealed insights into common teaching practices
across STEM classrooms from the students' perspectives. I identified how student
experience compared to what students value as essential classroom practices.
Specifically, I explored 23 teaching practices in graduate and undergraduate classrooms
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across three STEM colleges at a large mid-western university through survey-based
research. I found that traditional lecturing was the most experienced practice in both
graduate and undergraduate classes. Both graduate and undergraduate students
overwhelmingly desired more time devoted to active learning than was experienced in
their large STEM classes. Both these populations also wanted less lecturing as the
primary mode of instruction. My study also demonstrated that no single active learning




In Study 2A, I shifted focus to lab classes which are a critical part of the STEM
learning experience and built for high levels of group work. Narrowing attention to the
laboratory setting provided a richer data set by allowing us to examine how students
experience working in groups as it is occurring. To do so, I investigated how students
experience group work through two commonly identified methods of group formation,
self-selected groups and students in sustained heterogeneous groups that were instructor
assigned. I found that students had an improved perception of working in groups
regardless of group types after the duration of a semester with continued group work.
Specifically, students identified that working in groups provided both academic and
social benefits. For instance, through an open-ended response, students stated that group
members benefited them most by contributing different perspectives, bettering their
understanding {of} the material, and making learning in the lab an enjoyable experience.
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Study 2A also revealed that student concerns related to working in their groups
diminished as they continued to work together over a semester.
Chapter 5
Summary:
In Study 2B, I continued to further my understanding from Studies 1 and 2A by
examining the potential influence of group types and other factors for a successful
cooperative group. Previously I investigated working in groups through the student
perspective. In Study 2B, I utilized a different lens; via a validated observation protocol. I
examined students from the same groups as Study 2A for evidence of cooperative
learning in their small groups and investigated for any possible benefits towards their
performance from group type.
There were similar patterns in cooperative learning across the two groups when I
controlled for instructor pedagogical approach and laboratory activity. However, I found
a greater frequency of cooperative learning elements observed in the assigned groups,
suggesting that academically heterogenous assigned groups are better suited for
cooperative learning. In addition, students previously cited the academic benefits of
working in their groups. Therefore, I wanted to examine if working in their groups
affected their performance. I observed a difference in the scores for group work favoring
assigned groups (Table 19). However, these gains in performance as a measure of their
academic performance did not transcend their group work. There was no significant




Across the three studies, I embarked on a journey to understand learning practices
in the STEM/biology context through an extensive and multi-pronged approach (Fig. 15).
Firstly I examined a broad population for their experiences in their respective STEM
classrooms in Study 1. My results are supported by previous findings and point to
systemic patterns also reflected in Studies 2A and 2B. I found there is student buy-in for
active learning, and specifically, students valued more opportunities to learn from or via
their peers. Therefore to examine student experiences of learning from peers, I shifted
focus to the STEM lab, which has high levels of group work identified as the most
common type of active learning, although limited in practice in the lecture space. My
findings for Study 2A are consistent with Study 1 and highlight ways that group work can
be enhanced and what students find valuable about working closely with their peers. My
findings in Study 2B provide a different lens to analyze group work via a validated
observational instrument and examining possible learning gains through course
performance. I built on my previous findings of what students find valuable by analyzing
how these group experiences manifest in the classroom. Finally, I provided strategies on
how instructors can best critically analyze their curriculum and pedagogy to enhance the
success of cooperative groups in their classrooms. By doing so, students can both
maximize learning and increase the frequency of cooperative learning while working
closely with their peers.
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Limited Group Work in Lecture but there is Student Buy-in
Study 1 revealed that students had some experience but valued more group work
type elements in their STEM classes. For instance, undergraduate students indicated they
wanted more opportunities to study with their classmates outside of class (S7 Fig).
Students were also open to working in assigned groups to complete their homework and
other projects (S4 Fig). A close examination of the student responses revealed that
students who currently experienced these things tended to want the same or more of these
experiences (S4, S7 Figs). These findings are consistent with other studies when student
attitudes towards learning in groups were evaluated (McInergney and Fink, 2003; Gaudet
et al, 2010). For instance, the McIntergney and Fin (2003) study found that students who
had undergone team-based learning found learning in groups improved their conceptual
understanding of the course material.
My survey of all undergraduates also examined if students were receptive to being
graded on group performance (S11 Fig). Students had concerns about being graded as a
group, especially among those who had not experienced it. Apprehensions regarding
group grading are also evident in previous studies with students perceiving an unfairness
from members “freeloading” (Gibbs, 2009; Aivaloglou and Meulen, 2021). However,
Study 1 suggests that students who experienced group grading in their STEM classrooms
preferred a continuation of this practice (S11 Fig).
Students also wanted more opportunities to solve problems in groups while in
class and were keen on think-pair-share, which students report as infrequently practiced
(S13, S16 Figs). Think-pair-share is an active learning exercise where students respond to
questions posed by the instructor after consulting with a classmate (Smith et al, 2009;
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Tanner, 2009). Tanner (2009) suggests that active learning practices like think-pair-share
may be a way for instructors to integrate evidence-based learning practices with minimal
time and training commitment.
Collectively, Study 1 provided a broad survey of the STEM students across the
undergraduate and graduate curricula with their experience and their desire for 23
teaching practices. Many of these are group-based learning practices, and this study,
along with other studies (Ebert-May et al, 2011; Miller and Metz, 2014), has identified
that although active learning is seldom practiced, the types of active learning most
practiced are group-based learning (Cooper et al, 2017; Diesser et al, 2020). A focus on
these suggests that students in lecture courses received limited experiences of working in
groups. Moreover their perceptions are shaped by a variety of different environments
including class type, class size, and instructor pedagogical choices.
Improved Attitudes and Diminishing Concerns over Time
My findings from Study 1, supported by Study 2A and previous work, indicate
that students have some reservations about specific types of active learning, including
facets of working with peers specifically related to assessment (Gibbs, 2009; Aivaloglou
and Meulen, 2021). These apprehensions about group work are present in Study 2A's
population as well (Table 7, S Table 3). First-year students in Study 2A revealed concerns
regarding group work through a Likert scale and open-ended responses. Like the broad
STEM population surveyed in Study 1, first-year biology students in Study 2A expressed
concerns about being graded as a group (Table 8). In Study 2A, however, I witnessed an
active decrease in all concerns across time. Specifically, trepidations related to being
graded as a group were among the top three improvement areas across the semester; the
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most significant gain for assigned students and the third most for the self-selected
students. This concern and others (i.e., unequal participation, communication issues)
diminished as students continued to work together.
Study 2A also highlights that students improve their perceptions and attitudes to
group work regardless of group type, supported by the qualitative and quantitative data.
Students reported benefits including contributing different perspectives, better
understanding (of) the material, and that working in their groups made labs a more
enjoyable experience. Both types of groups also identified learning to collaborate and
gaining knowledge as critical functions of their group. The qualitative and the
quantitative data address similar positive gains from group work for both assigned and
self-selected groups. This finding is supported by similar studies that examine grouping
strategies (Donovan et al, 2018; Harlow et al, 2016). For instance, a study in a
non-majors course placed low, medium, and high performing students in a variety of
homogeneous and heterogeneous groups. Although they found more considerable
learning gains for heterogeneous groups, all students across all groups had improved
attitudes to working in groups (Donovan et al, 2018).
Consideration of Instructor Influence and Grouping Strategy on Cooperative Learning
Despite similar perceptions of working in groups for both group types, Study 2B's
CLOP analysis and grade results showed some differences and revealed factors of
influence previously unconsidered. I noted the vital role of an instructor's pedagogical
approach for a learning environment adopting cooperative learning. Elements including
positive interdependence and individual accountability arose from sustained group work
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regardless of the difference in instructor approach or group type. However, an instructor’s
pedagogical approach influences group processing and promotive interaction elements
(Figs. 11, 12). Group processing manifests in members discussing how well they are
achieving goals and maintaining effective group relations; both critical for long-term
groups, especially if groups are culturally diverse (Tanner, 2003, Johnson and Johnson,
2005).
I found no measurable effect from group type on students’ performance as
measured by their end of the semester grade. This finding is consistent with Harlow et al,
(2016), who did not find a difference from the team makeup on student learning.
However, when I delineated grades between group and individual assessments, there was
a statistical difference favoring assigned groups. I did not find this delineation in other
studies. For instance, Harlow et al (2016) determined gains by evaluating final course
exams. This finding and the lower correlation between group and individual assessment
scores for assigned group students reflected that the assigned heterogeneous groups may
benefit lower performing students, a conclusion also supported by other studies (Lou et
al, 1996; Donovan et al, 2018).
Implications
My findings from Study 1 and other studies suggest that faculty should continue
or expand active learning opportunities for their students across STEM (Freeman et al,
2014). In addition, the results from Study 2A reveal that regardless of grouping strategy,
students experience substantial value from their experiences with group work in
developing both their academic and social skills. Students also experienced diminishing
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concerns related to group members as they continued working together. Moreover, most
of the benefits students reported from working in groups arose in both self-selected and
assigned groups. My qualitative findings weakly suggested that grouping strategies lean
toward assigned groups, and direct observations in Study 2B further supported this.
These findings collectively advise that instructors will a) benefit from creating increased
opportunities for students to work in groups b) maximize the student learning experience
by creating stable and assigned member group tasks. Previous studies and my work
recommends that assigned groups be academically heterogeneous while accounting for
balancing genders across groups (Fig. 6) (Rosser, 1998; Handelsman et al, 2004). Study
2B suggests that successful group work is best accompanied by a scaffolded instructional
approach and an effective curriculum (Fig. 16). In particular, instructional pedagogical
choices that promote elements including group processing and promotive learning make
the most notable impact for maximizing cooperative learning elements.
To illustrate, I have created a template based on the works of Johnson and
Johnson (1998) for a possible laboratory exercise that incorporates cooperative learning
from the beginning to the end of a single lesson in a first-year college biology lab
(Appendix G). This template demonstrates how teachers can incorporate and identify all
cooperative learning elements in their classrooms, with a pedagogical guide and a
detailed curriculum for supporting students. It also provides strategies and examples for
how instructors can encourage group processing at multiple levels, both within the group
and the whole class. It demonstrates specific methods for how teachers can initiate
positive interdependence, individual accountability, promotive interaction, and intergroup
cooperation. In addition, I have also included methods of assessing and intervening in
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group dynamics when issues arise. This template is one example of how instructors can
maximize the incorporation of CL to enhance learning while ensuring students reap
experiences to build social skills from working in groups.
The concordance in student attitudes and concerns between the three studies
implies that the studies' takeaways may be generalizable beyond lab courses. If
instructors are to apply the takeaways to their lecture sections, my study is consistent
with others to recommend utilizing group learning as an evidence-based active learning
tool in lectures (Smith et al, 2009; Deslauriers et al, 2011; Tanner, 2017). Early in the
semester, students will likely require reassurance and guidance given their self-reported
apprehensions, especially regarding activities that result in group grades (Fig. 16). To
circumvent this, assignments graded as a group can take place later in an academic
semester after students have an opportunity to get to know each other and build trust. In
the lecture space, instructors can also modify group sizes while maintaining
heterogeneity. Studies by Smith et al, 2009 suggest that informal cooperative groups such
as those formed during think-pair-share are an inroad to develop cooperative learning
experiences in lectures which have similar benefits to assigned heterogeneous groups.
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Figure 16: Proposed emerging framework for cooperative learning interactions. My
proposed framework details a series of influences orbiting around Cooperative
Learning practices. Student Concern is a potential factor with a close orbit at the
beginning of the semester but moves to a less influential position over time. It is
unclear if it is permanently left in a distant orbit, or returns in an elliptical orbit for the
beginning of a new semester with a new group. Student Buy-In begins in a distant orbit
not because it is unimportant overall, but because students reported a high interest to
begin with - and therefore does not affect the model as strongly. However, the increase
in Student Buy-In over time is reflected by a shift to a closer orbit, where it can
enhance Cooperative Learning at the end of the semester. Grouping Strategy occupies a
middle orbit, with secondary influences. However, it transits close enough to
Curriculum and Pedagogy to interact with the pair. Curriculum and Pedagogy are a
tightly interrelated binary pair with the highest influence on Cooperative Learning.
These factors appear to influence Group Processing (G) and Promotive Interaction (F)
the most, but have less influence on Positive Interdependence (P) and Individual
Accountability (I). Instructor Buy-In was not directly measured in these studies, but




Though I have taken all possible care and consideration, limitations persist within
these studies and must be considered. Regarding my study populations, the participants in
this study were selected from an institution available to me (researcher) located in the
Midwest at a predominantly white institution, potentially decreasing the extent that the
findings could be generalized to all first-year STEM students across the nation.
Another important limitation of all three studies is that there was no opportunity
to interrogate instructors for their perceptions of student learning practices or cooperative
learning specifically. In the Graduate and undergraduate-student perceptions of and
preferences for teaching practices in STEM classrooms, the study illustrated students'
buy-in for more active learning opportunities, including learning in small groups with
peers. The study met its goal to gauge students' self-reported experience and preferences
and did not intend extension to faculty perceptions. However, adding faculty perceptions
could identify areas of misalignment, if any, between students and faculty regarding
classroom practices (Fig. 16). Gauging faculty insights will also reveal whether
instructors buy into evidence-based teaching practices and how receptive they may be to
future opportunities for training. Likewise, in the Cooperative Learning Groups in a
Biology Laboratory Course: Exploring Elements of Cooperative Learning and Academic
Performance study, I focused on recording and evaluating cooperative learning elements
within groups (Kern et al, 2007), not specifically for instructor behavioral observations.
However, instructional choices were captured through the CLOP, mainly when the
instructors interacted directly within the groups. The absence of a full investigation of
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instructor behaviors and interactions hinders my understanding of the comprehensive
instructional pedagogical influences that complement cooperative learning (Fig. 16).
Future Directions
My 3 study dissertation provides an emerging framework for supporting student
learning and promoting positive experiences in the classroom while in small peer groups
by examining from multiple perspectives (Fig. 16). My findings would be well-served by
combining student perceptions with that of their instructors, thereby strengthening the
framework. This additional data source will allow me to identify any areas of
misalignment between student and faculty perspectives and understand faculty receptivity
to potential further learning opportunities for effective CL implementation. Although I
have evaluated the learning in different group types from multiple perspectives and
developed several recommendations, the power of how these factors are wielded in
concert ultimately depends on the instructor. Therefore as much as we have buy-in and
participation from students, we also need the same mirrored from instructors. With
faculty perspectives, I can further my framework for maximizing cooperation within and
across STEM/biology peer learning groups (Fig. 16).
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Pre-Assessment: We will begin with a few questions to gauge your prior knowledge
of concepts you will learn in {Current Course}, as well as the retention of a few
concepts from {Previous Course}. This pre-assessment does not in any way affect
your {Current Course} grade. Just do the best that you can.
1. Which organisms are







2. Organisms that get their
carbon from CO2 and then use






3. The way that plants move
water from the roots up to the






4. The small pores on a plant leaf
that the plant can open or close in
order to diffuse gas into and out





5. Which of the following animals are










7. Mitochondria are responsible for ___.
a. Autophagy
b. Harvesting light energy to create sugars
c. converting glucose into ATP
d. all of the above
8. Which wavelength of light excites an
electron to the highest energy state in the




d. Blue and red excite electrons to
equivalent energy states
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9. Alternative forms of the same





10. An early winter freeze decimates a frog population. The surviving population
randomly happens to have larger spots on average than the initial population. If spot size






11. You are growing beans for the science fair and want to demonstrate disruptive
selection. In these beans, you know that a single gene encodes for the color of the bean. R
is the red allele, while W is the white allele. These alleles are codominant. Homozygous
(RR) individuals produce red beans, while homozygous WW individuals produce white
beans. Heterozygous (RW) individuals produce pinkish beans, due to different layers of
the bean being different colors. Which of the following experiments would display
disruptive selection?
a. Plant the beans in the garden and watch what happens to the frequency of the alleles.
b. Introduce a predator to the population, which only eats pink beans.
c. Distribute the beans in a field, and pick only the red and white beans while leaving the
pink for the next generation.
d. Pick only the red beans
12. Suppose you are conducting an experiment that compares two species of unicellular
eukaryotic organisms. You measure the pH of the mitochondrial matrix and the
intermembrane space and the data are summarized in the table below. Between these two
species of unicellular eukaryotic organisms, you will compare the rate of ATP synthesis.
These differences in pH do not affect folding and functions of proteins within each
organism.
Species pH of mitochondrial matrix pH of mitochondrial intermembrane
space
Species A 7.8 6.9
Species B 7.8 5.9
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Which species will produce more ATP?
A. Species A
B. Species B
C. Species A and B will produce the same amount of ATP
D. pH is unrelated to ATP synthesis
13. When a person with type A blood has a child with an individual that has type B





E. All blood types are possible
14. You place a hissing cockroach in a sealed air-tight jar and place it in a water bath at
37℃. How would you expect the concentration CO2 to change inside the sealed jar? I
have drawn the change in O2 in the figure below. Choose the figure that best represents
your prediction; CO2 lines are dashed, while O2 lines are solid.
Circle one of the choices below that represents how CO2 will







Cooperative Learning Observation Protocol
Lesson Context














Group Composition Length of class

















Group Composition Length of class






Cooperative Learning Elements (PIGS-Face) Descriptions
(S)ocial Skills: Students display skills to promote a cooperative effort, leadership, decision-making,
trust building, communication, and conflict management skills.
Notes: The Social Skills element encompasses the other four cooperative learning elements.  This element focuses
on the behavioral aspects of all four of the other elements.  The Social Skills element is divided into four
sub-elements that map to the other four elements: Forming, Functioning, Formulating, and Fermenting. Because
this element was designed more as an implementation element rather than a single concrete, observable element in
teamwork, we will build all of the behavioral pieces of Social Skills into the other fours elements of PIGS-Face.
(P)ositive
Interdependence:











Students use ways to
improve the processes
team members use to

























▪ Ability to articulate &
justify group procedures &
results
Group:




▪ Giving feedback to one
another about effectiveness
▪ Setting goals or sub-goals
▪ Reflection on success
▪ Key words/sayings:
o “What we have so far”
o “Do we need to spend



























Cooperative Learning Observation Protocol
Element Rubric, Kern et al, 2007
Element Low Medium High NO
(P)ositive
Interdependence
(There is evidence of group
cohesiveness for
accomplishing the task)







Half of the High
indicators are missing or
many are attended to at a
level that minimally
meets the needs of
accomplishing the tasks.
· All members acknowledge the task as a mutual/joint goal that they can achieve
· Members create or undertake specific roles that the group needs to complete the task
· Team has established identity and ownership
· Members actions are dependent on the actions of other members







for individual efforts and
contributions towards the
team.)








Half of the High
indicators are missing or
many are attended to at a
level that minimally
meets the needs of
individual accountability.
Each member individually participates in the task, and contributes to the team’s effort to
accomplish the task
All members are able to articulate and justify the process of group work.
Each member contributes to the team learning and to accomplishing the task.
The team takes responsibility to ensure each member understands the group process and has the
ability to justify the output.
Not observed
(G)roup Processing
(Students use ways to
improve the processes team
members use to maximize
their own and each others
learning.)







Half of the High
indicators are missing or
many are attended to at a
level that minimally
meets the needs of
improving group
processing.
All members are involved in:
· giving feedback on the effectiveness of the team processes
· setting goals related to accomplishing the task.
















Half of the High
indicators are missing or
many are attended to at a
level that minimally
meets the needs of
promoting team and
individual success.
· Team members give positive encouragement to each other for success and celebrate team’s work.
· All members value each others ideas and efforts.
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Lab B for Assigned Students (Instructor 1)
Cooperative learning in Lab B: Along with individual accountability, positive
interdependence was the most frequently observed cooperative learning element for the
assigned groups in Lab B (Fig. 13). We observed positive interdependence 16 times in 16
5-minute intervals (100%). These interactions occurred consistently in each time interval,
and many criteria were met implicitly. All criteria of positive interdependence were met
at some point during the lab, but group members undertaking specific roles and
contribution of unique resources were the most consistently met.
For example, the criterion of contribution of unique resources was met as students
discussed arthropod morphological composition. As students were categorizing the
variety of arthropod specimens by morphology, Student 1 shared that a specific body
composition was characteristic of one group, while Student 2 mentioned the significance
of different body structures. Additionally, students frequently met the criterion of
undertaking specific roles implicitly. Students divided up work depending on the needs of
the current task, but occasionally, students would direct one another or announce their
roles. For instance, Student 2 communicated obtaining sea monkey cysts while Student 3
prepared the containers. Even with nonverbal interactions, the team met the criteria for
positive interdependence and productively worked towards task completion. These
criteria, undertaking specific roles and contribution of unique resources, were commonly
met during periods of experimental design, while criteria such as acknowledging a task as
a mutual goal and mutually dependent interactions occurred during the experimental
trials.
We also frequently observed individual accountability during both lab activities
(Fig. 13). In Lab B, we observed individual accountability 16 times (100%), coded as low
five times, medium ten times, and high once. Group members frequently met the criterion
of individual participation and contribution. All students would be actively working on
the task at hand, whether through collecting supplies or recording observations, and
contributing to answering assignment questions. Additionally, members met the criterion
of articulation and justification, especially during periods of experimental design. For
example, Student 1 was listing environmental variables that could impact reanimation out
of cryptobiosis, and Student 2 responded “Shouldn't we be testing for one thing?” Student
1 then explained that she was listing variables so that the group could choose what they
thought was best. These interactions indicate that students were able to justify their
actions, even when countered by other group members.
Cooperative learning differences between Lab A and B: We observed group
processing in the assigned group, but the element varied the most between Lab A and Lab
B. In Lab B, group processing was observed only three times (18.75%), especially at the
beginning of the class as students created their experimental design. The element was
coded as ‘low’ (2) and ‘medium’ (1), and students met the criterion of reflection on the
effectiveness of group processes the most frequently. Conversely, group processing was
observed ten times in Lab A (62.5%), and the element was coded as ‘low’ and ‘medium’
five times each. There was more group processing during the beginning of the class, as
Lab A required students to create their experimental designs as a group and as a class.
The curriculum variation between Lab A and B is likely responsible for the frequency
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difference in the element between the two lab activities. In Lab B, students created an
experimental design for their small groups, and they were tasked with comparing termite
responses to pens and colored pencils. Then, students created a second experimental
design to share with the class, primarily focusing on pens to test chemoreceptors or
photoreceptors. Conversely, Lab A had one instance of experimental design, when
students created an experiment to test the impact of environmental factors on arthropods’
reanimation from cryptobiosis.
Cooperative learning similarities between Lab A and B: We observed promotive
interaction consistently between the two lab activities. In Lab B, the promotive
interaction element occurred ten times (62.5%), was coded as ‘low’ (7) and ‘medium’ (3).
There was not a consistent pattern of promotive interaction throughout the class time, but
students appeared to meet the criteria of the element after completing experiments or
during times of discussion. While we rarely observed positive encouragement in verbal
statements, students did participate in nonverbal encouragement with head nods, engaged
body language, and name usage. In one instance, students were preparing the
experimental dish with tape, and Student 2 was struggling with the task. Student 1 gave
positive verbal encouragement, saying “I believe in you, [Student 2],” to which Student 2
responded “This is kinda fun, I enjoy this. This is teamwork right here.” This interaction
meets the criterion of positive encouragement, but also illustrates a positive environment
where students meet the criterion of feeling safe to take risks without fear of retribution
or judgment. Similar patterns occurred in Lab A, where students engaged in promotive
interaction eight times (50%). The element was coded as ‘low’ (5), ‘medium’ (2), and
‘high’ (1). However, the frequency of promotive interaction increased at the beginning of
class as students developed experimental designs and collaborated as a group. Students
often met the criteria of group members respecting and valuing the ideas and efforts of
others. Examples include behaviors such as nodding, verbal confirmation, and eye
contact among group members. Students also met the criterion of feeling safe to take
risks without fear of retribution or judgement by comfortably sharing their own ideas
with the group, demonstrated by statements such as “I think…” and “I said…”
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APPENDIX E
Lab B for Self Selected Students (Instructor 2).
Cooperative learning in Lab B: During Lab B, Student 2 was absent, and we
observed Students 3 and 4, as Student 1 worked with another group. Positive
interdependence and individual accountability were the most frequently observed
elements of cooperative learning in Lab B (Fig. 14). During Lab B, positive
interdependence was observed 12 times (57.15%) in 21 5-minute intervals and was coded
as ‘low’ (11) and ‘medium’ (1). Students commonly met the criteria of acknowledging
the task as a mutual goal and undertaking specific roles. For example, students sought
feedback from their teaching assistant about the efficacy of their experimental design and
the best way to represent their results, acknowledging that they understood the goal of the
lab. Additionally, students implicitly took on unique roles to contribute to experimental
trials, such as Student 3 obtaining supplies and Student 4 preparing the Petri dishes.
These criteria were met during periods of experimental design and setup, but in general,
the students relied heavily on the instructor’s and teaching assistants’ guidance.
Additionally, we observed individual accountability 17 times (80.95%), with the
majority of instances being coded as ‘low’ (15). Students primarily met the criteria of
individual participation and contribution, but rarely met any of the other criteria. Many
interactions associated with individual accountability were counterproductive to group
processes, such as students actively admitting they were not paying attention to instructor
directions or articulating their desires to efficiently accomplish tasks in order to leave.
However, students did meet articulation and justification of their ideas, especially when
classifying the arthropods by morphology. For example, Student 2 articulated a specific
feature of an arthropod phylum to Student 1, which demonstrated evidence of cooperative
learning.
Cooperative learning differences between Lab A and B: The frequency of
cooperative learning elements differed between Lab A and Lab B, especially for positive
interdependence and cooperative learning. During Lab B, we observed positive
interdependence 12 times (11 low, 1 medium) and individual accountability 17 times (15
low, 2 medium). Conversely, in Lab A, we observed positive interdependence 7 times
(low) and individual accountability 9 times (low). This variation may be attributed to
differences in activity content and structure. For example, Lab A required more
brainstorming of experimental designs, as students first had to create a design for their
small group then for the broader class, while Lab B restricted which variables students
could test, such as temperature and water salinity, potentially limiting students abilities to
participate in group processing or promotive interaction. However, while this hypothesis
is supported by the findings for Instructor 1, it does not explain the variation captured in
these observations. Therefore, some variation may be due to elements not captured by the
CLOP. During Lab A, we observed all four members of the self-selected group, which
demands that all four members meet the criteria of each element of cooperative learning.
During Lab B, only Students 3 and 4 were observed, which lowered the proportion of
students needing to engage in cooperative learning for elements to be coded as low,
medium, or high.
Cooperative learning similarities between Lab A and B: While the frequency of
positive interdependence and individual accountability varied between Labs A and B, we
still noted these elements of cooperative learning as being the most abundant in the
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self-selected group. Students also met similar criteria, with the most common being
acknowledging the task as a mutual goal and undertaking specific roles for positive
interdependence and individual participation and contribution for individual
accountability in both Lab A and Lab B. For example, students undertook specific roles
in both labs in order to complete the activity. In Lab A, students divided roles amongst
themselves into categories such as termite observer, supply manager for pens, pencils,
and termites, and experimental trial timer, while in Lab B, these tasks included collecting
different water samples and obtaining arthropod cysts. Students also consistently
participated in both labs by offering ideas, suggestions for design, and completing
questions in their notebooks. Additionally, we rarely observed group processing and
promotive interaction in both labs.
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APPENDIX F
Participants are representative of the students in the course
We found statistically similar average scores in the preceding course for students
who participated in the study and students in the course at large, indicating our sample
was representative. To establish this baseline, we ran a parametric independent t-test to
verify that students who participated in the study were representative of the class as a
whole for their grades in the current and previous courses. We compared students’ course
grades, including both their lecture and lab scores. Because final grades were recorded as
a letter grade ranging from A-F, we assigned the lower end of the letter grade range, for
instance, A=93, A-=90, etc. Using an independent t-test, we also compared the mean
grades for students who participated in the study against students in the course who did
not. We obtained a mean of 82.55 for non-participant students and a mean of 83.55 for
study participants, concluding that there was no significant difference (Table I). To
validate the study population, we also ran a single sample t-test used for comparing the
means of the study participants (single sample) against all the students enrolled in the
course (population mean). Identical to the independent t-test findings, we found study
participants reported statistically similar grades in the preceding course (M=83.74,
SD=5.48 ) to the class population as a whole, (t(50)=0.62, p=.54).
Table I: Baseline comparison of course grades between study participants and
nonparticipants.










Participants 84.64 59 0.782
Similarly, we found no significant difference in the total course grades between
non-participants and participants when comparing their grades in the current course
(Table I). We ran an independent t-test of student grades in the previous course for those
who continued to the current course. We obtained a mean of 82.96 for non-participants
and 84.64 for participants (Table I). There were slight differences in the total sample size
compared to the current course due to the handful of students who transferred in credit
and did not take it at this institution. Additionally, for two students, final grades could not
be procured. Again we fail to reject the null hypothesis (t-test expt=1.355, df=105),
confirming our participants are representative of the population of students taking this
course (Table I). We also used a single sample t-test to determine whether the mean
course grade of the study participants was different from the class mean, a value
determined by taking the average of the entire class. Study participants reported
statistically similar grades in the course (M=84.639, SD=6.1) to the class population as a
whole (t(60)=.026, p=.36).
In summary, we observed statistically similar scores for students' academic
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performance in the preceding course (Table I). In the current course, we observed a larger
margin of difference than previously observed although still no significant difference
between student performance in the two group types, (Table I).
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APPENDIX G
Cooperative Lesson Planning Template
Modified from Johnson et al, 1998
Subject Area: Biology
Lesson: Modeling Changes in Atmospheric CO2
Making Pre-instructional Decisions
Academic Objectives:
● Analyzing data and creating models of changes in atmospheric CO2 using Microsoft
Excel as a tool.
● Generating quality figures and writing appropriate figure captions.
Social Skills Objectives:
● Integrate Ideas Into a Single Position: The lesson is structured so group
members carry out an Excel modeling activity together, and then
synthesize their ideas on how best to summarize their generated data in a
figure and an appropriate figure caption.  The complete models (Figure +
Figure captions) must be completed in groups of 3 and submitted as a
group assignment.
Group Size: 3 Students per group.
Method of Assigning Students: Before the beginning of the unit, students of varying
Excel experience will be paired together determined from a pre-test/pre-activity.
Roles:
1) Guide and Note Taker: The student closely monitors the procedural steps
2) Excel Navigator: The student navigates the Microsoft Excel tool to put into action
the procedural steps.
3) Checker/Explainer: Synthesize the group’s interpretation of the data generated
and create a written record of all the group’s responses to a shared Google
document.
Room Arrangement: Students work in small groups in different areas around the
classroom.
Materials: Materials for activity. Homework question sheet, laptop/table for figure
generation.
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● Computer with Microsoft Office Suite Package
● One copy of the Activity
1.  Explaining Task And Cooperative Goal Structure
Students will generate two models that incorporate various sources of empirically
measured data of CO2 concentrations, the quantity of CO2 being emitted (added) into the
atmosphere, and the quantity that is being removed by vegetation and the oceans. These
models will be constructed using Excel as a tool. Upon completion, students submit one
copy of the completed models along with a summary of each model to the teacher.
(Williams & Wassenberg, 2017)
2.  Criteria For Success:
● Before the start of the activity, the students are informed by the instructor that
they will receive a collective grade for the group.
● The activity is time-based, encouraging students to coordinate and communicate
effectively with one another.
3.  Positive Interdependence:
Positive Task Interdependence: The activity requires both the guide, explainer and the
navigator to exercise a division of labor. The guide has to complete their action before the
navigator or the explainer can complete their responsibility.
Goal Interdependence: Students have to be interdependent to accomplish the goal of
completing the activity. The resulting assignment is set up so that students can only do it
if all members attain their individual goals. The assignment is also submitted as a group
to encourage goal interdependence.
Positive Resource Interdependence:  Only a single copy of the assignment is handed to
each group encouraging members to share and complete the assignment together.
Positive Role Interdependence: Roles are clearly defined in the activity introduction and
prompt for the lesson.
4.  Individual Accountability:
● The instructor will gauge each student's understanding by randomly asking
questions related to the assignment (both conceptual and procedural) to members
of the group throughout the activity.
● At the end of the activity, the teacher will set up a short post quiz on the topic to
gauge each member’s understanding. This post quiz will be compared to the
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pre-quiz completed by each member to ensure that individual learning is in fact
benefitted by working in a cooperative group.
5.  Intergroup Cooperation:
● Striving for a mutual benefit: Once each group has completed their assignment,
the teacher will implement a structured peer review where groups will have an
opportunity to provide written feedback on the models of another group. The peer
review of the group work will be submitted alongside the assignment. If done
well, groups will receive credit for completing the peer review in addition to
credit for completing their assignment.
6.  Expected Behaviors:
● Group members will be encouraged to listen to each other, stay on task, and
complete the assignment. Members should be providing positive feedback to each
other and when appropriate providing constructive feedback, both beneficial to a
cooperative learning environment.
Monitoring And Intervening
1. Observation Procedure: Informally
2. Observation By: Teacher
3. Intervening for Task Assistance:
● The teacher walks around the room to check on each group, answer clarifying
questions or help students along with the assignment.
● When needed, the teacher uses scaffolding techniques such as prompts or
questions to gauge student understanding.
● To test understanding, the instructor can verbally ask a problem-solving question
such as, “ What do you think might be the causes for the differences in the
measured versus the calculated values?” Being able to demonstrate
problem-solving skills demonstrates mastery of the topic.
4. Intervening for Teamwork Assistance:
● The teacher is constantly walking around to teach group monitoring so that all
group members are carrying forth the task at hand. If a teacher notes a number of
minor issues of students' expected behaviors, the teacher will make sure to get all
the group's attention and make a general announcement about the classroom
group expectations.
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● If group members continue to sway away from the expectations, the teacher will
intervene with that group specifically. The teacher will work with the group to
identify the issue at hand and find ways to support the learning of the members.
5. Other: ______________________________________________________________
Assessing and Processing
1. Assessment of Members’ Individual Learning:
● Individual Quiz (end of class) and random call-out questions from the teacher
throughout the lesson.
2. Assessment of Group Productivity:
● The teacher informally monitors group progress.
● Groups complete activity in the given time.
3. Small Group Processing:
● To each group member at the end of the lesson:
○ One thing you did that helped me understand modeling was...
○ One thing you did that helped me understand the influences on the
calculation of atmospheric CO2 is...
4. Whole-Class Processing:
● One thing you learned from the presenting group that helped you in your
understanding
● One thing you learned from the presenting group that you will implement in your
own future presentations.
5. Charts and Graphs Used:
● The teacher has templates of different data sets to show examples of high-quality
figures generated in excel and examples that need improving. Students can
complete this short exercise before beginning their activity to know what
constitutes a high-quality figure.
6. Positive Feedback to Each Student:
● At the end of the lesson or unit, each member gives the other written positive
feedback.
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● The teacher can provide positive feedback to the whole class on areas where they
observed good use of cooperative skills with examples from the cooperative
groups.
7. Goal Setting for Improvement:
● At the end of the lesson, members provide one constructive feedback to group
members with a possible strategy on how they can improve.
● Students then process the feedback. Before beginning a new lesson, group
members meet up at least once to arrive on the same page on how to implement
the change.
8. Celebration: If all students complete all the tasks (activity and a peer review), the





S1 Fig: Box and whisker plots of all surveyed instructional practices (Q_1 through
Q_23) reported by graduate (n=161) and undergraduate (n=1113) students in STEM
classrooms. Upper row (Desired) details levels of desire for each instructional activity.
Lower row (Experienced) details levels of each instructional activity reported as actually
experienced in the classroom. Levels range from 1 (Never or almost never; 0-10% of the
time) to 5 (Very often; 71-100% of the time). Triangles indicate mean values.
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S2 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_2 (“Brainstorm different possible solutions to a given problem”) and
how much that teaching practice was desired for graduate students (left column)
and undergraduates (right column). The vertical bars are the experienced frequency
(left side of each graph) and; the vertical height of each bar is proportional to the number
of respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S3 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_3 (“Find additional information not provided by the instructor to
complete assignments”) and how much that teaching practice was desired for
graduate students (left column) and undergraduates (right column). The vertical bars
are the experienced frequency (left side of each graph) and; the vertical height of each bar
is proportional to the number of respondents who chose that response. The “alluvia” or
lines between columns indicate how often students reported experiencing the teaching
practice (left side of each graph) and how much this teaching practice was desired (right
side of each graph) and are proportional to number of respondents. NA= respondents who
did not respond to a particular question. 1=Never or almost never (0-10% of the time);
2=Seldom (11-30% of the time); 3=Sometimes (31-50% of the time); 4=Often (51-70%
of the time); 5=Very often (71-100% of the time).
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S4 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_4 (“Work in assigned groups to complete homework or other projects”)
and how much that teaching practice was desired for graduate students (left
column) and undergraduates (right column). The vertical bars are the experienced
frequency (left side of each graph) and; the vertical height of each bar is proportional to
the number of respondents who chose that response. The “alluvia” or lines between
columns indicate how often students reported experiencing the teaching practice (left side
of each graph) and how much this teaching practice was desired (right side of each graph)
and are proportional to the number of respondents. NA= respondents who did not
respond to a particular question. 1=Never or almost never (0-10% of the time); 2=Seldom
(11-30% of the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time);
5=Very often (71-100% of the time).
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S5 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_5 (“Make individual presentations to the class”) and how much that
teaching practice was desired for graduate students (left column) and
undergraduates (right column). The vertical bars are the experienced frequency (left
side of each graph) and; the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S6 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_6 (“Be graded on class participation”) and how much that teaching
practice was desired for graduate students (left column) and undergraduates (right
column). The vertical bars are the experienced frequency (left side of each graph) and;
the vertical height of each bar is proportional to the number of respondents who chose
that response. The “alluvia” or lines between columns indicate how often students
reported experiencing the teaching practice (left side of each graph) and how much this
teaching practice was desired (right side of each graph) and are proportional to the
number of respondents. NA= respondents who did not respond to a particular question.
1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of the time);
3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very often
(71-100% of the time).
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S7 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_7 (“Study course content with classmates outside of class”) and how
much that teaching practice was desired for graduate students (left column) and
undergraduates (right column). The vertical bars are the experienced frequency (left
side of each graph) and; the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S8 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_8 (“Assume responsibility for learning material on own”) and how
much that teaching practice was desired for graduate students (left column) and
undergraduates (right column). The vertical bars are the experienced frequency (left
side of each graph) and; the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S9 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_10 (“Get most of the information needed to solve the homework directly
from the instructor”) and how much that teaching practice was desired for graduate
students (left column) and undergraduates (right column). The vertical bars are the
experienced frequency (left side of each graph) and; the vertical height of each bar is
proportional to the number of respondents who chose that response. The “alluvia” or lines
between columns indicate how often students reported experiencing the teaching practice
(left side of each graph) and how much this teaching practice was desired (right side of
each graph) and are proportional to the number of respondents. NA= respondents who did
not respond to a particular question. 1=Never or almost never (0-10% of the time);
2=Seldom (11-30% of the time); 3=Sometimes (31-50% of the time); 4=Often (51-70%
of the time); 5=Very often (71-100% of the time).
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S10 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_11 (“Be graded based on the performance of a group”) and how much
that teaching practice was desired for graduate students (left column) and
undergraduates (right column). The vertical bars are the experienced frequency (left
side of each graph) and; the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S11 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_12 (“Preview concepts before class by reading, watching videos, etc.”)
and how much that teaching practice was desired for graduate students (left
column) and undergraduates (right column). The vertical bars are the experienced
frequency (left side of each graph) and; the vertical height of each bar is proportional to
the number of respondents who chose that response. The “alluvia” or lines between
columns indicate how often students reported experiencing the teaching practice (left side
of each graph) and how much this teaching practice was desired (right side of each graph)
and are proportional to the number of respondents. NA= respondents who did not
respond to a particular question. 1=Never or almost never (0-10% of the time); 2=Seldom
(11-30% of the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time);
5=Very often (71-100% of the time).
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S12 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_13 (“Solve problems in a group during class”) and how much that
teaching practice was desired for graduate students (left column) and
undergraduates (right column). The vertical bars are the experienced frequency (left
side of each graph) and; the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S13 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_14 (“Solve problems individually during class”) and how much that
teaching practice was desired for graduate students (left column) and
undergraduates (right column). The vertical bars are the experienced frequency (left
side of each graph) and; the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S14 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_15 (“Verbally answer questions posed by the instructor during class”)
and how much that teaching practice was desired for graduate students (left
column) and undergraduates (right column). The vertical bars are the experienced
frequency (left side of each graph) and; the vertical height of each bar is proportional to
the number of respondents who chose that response. The “alluvia” or lines between
columns indicate how often students reported experiencing the teaching practice (left side
of each graph) and how much this teaching practice was desired (right side of each graph)
and are proportional to the number of respondents. NA= respondents who did not
respond to a particular question. 1=Never or almost never (0-10% of the time); 2=Seldom
(11-30% of the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time);
5=Very often (71-100% of the time).
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S15 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_16 (“Verbally answer questions posed by the instructor during class after
consulting with a classmate (think-pair-share)”) and how much that teaching practice
was desired for graduate students (left column) and undergraduates (right column).
The vertical bars are the experienced frequency (left side of each graph) and; the vertical
height of each bar is proportional to the number of respondents who chose that response.
The “alluvia '' or lines between columns indicate how often students reported
experiencing the teaching practice (left side of each graph) and how much this teaching
practice was desired (right side of each graph) and are proportional to the number of
respondents. NA= respondents who did not respond to a particular question. 1=Never or
almost never (0-10% of the time) ; 2=Seldom (11-30% of the time); 3=Sometimes
(31-50% of the time); 4=Often (51-70% of the time); 5=Very often (71-100% of the
time).
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S16 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_17 (“Answer questions posed by the instructor during class using a
student response system (clickers, TopHat, etc)”) and how much that teaching
practice was desired for graduate students (left column) and undergraduates (right
column). The vertical bars are the experienced frequency (left side of each graph) and;
the vertical height of each bar is proportional to the number of respondents who chose
that response. The “alluvia” or lines between columns indicate how often students
reported experiencing the teaching practice (left side of each graph) and how much this
teaching practice was desired (right side of each graph) and are proportional to the
number of respondents. NA= respondents who did not respond to a particular question.
1=Never or almost never (0-10% of the time) ; 2=Seldom (11-30% of the time);
3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very often
(71-100% of the time).
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S17 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_19 (“Ask the instructor questions during class”) and how much that
teaching practice was desired for graduate students (left column) and
undergraduates (right column). The vertical bars are the experienced frequency (left
side of each graph) and; the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S18 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_20 (“Take initiative for identifying what is necessary to know”) and how
much that teaching practice was desired for graduate students (left column) and
undergraduates (right column). The vertical bars are the experienced frequency (left
side of each graph) and; the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S19 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_21 (“Watch the instructor demonstrate how to solve problems”) and how
much that teaching practice was desired for graduate students (left column) and
undergraduates (right column). The vertical bars are the experienced frequency (left
side of each graph) and; the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S20 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_22 (“Solve problems that have more than one correct answer”) and how
much that teaching practice was desired for graduate students (left column) and
undergraduates (right column). The vertical bars are the experienced frequency (left
side of each graph) and; the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S21 Fig: Alluvial plots of how often students reported experiencing the teaching
practice in Q_23 (“Do hands-on group activities during class”) and how much that
teaching practice was desired for graduate students (left column) and
undergraduates (right column). The vertical bars are the experienced frequency (left
side of each graph) and; the vertical height of each bar is proportional to the number of
respondents who chose that response. The “alluvia” or lines between columns indicate
how often students reported experiencing the teaching practice (left side of each graph)
and how much this teaching practice was desired (right side of each graph) and are
proportional to the number of respondents. NA= respondents who did not respond to a
particular question. 1=Never or almost never (0-10% of the time); 2=Seldom (11-30% of
the time); 3=Sometimes (31-50% of the time); 4=Often (51-70% of the time); 5=Very
often (71-100% of the time).
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S22 Fig. Top five most frequent codes with the greatest change (Individual Paired
Difference) between pre and post semester responses for Self-Selected (Orange) and
assigned Groups (Blue). The top codes for self-selected include: 1) Comfort Asking for
Help 2) Interest/Enjoyment in Working in a Group 3) Feelings Regarding Group Grades
4) Enhanced Understanding (4.22 to 4.56- ss), (4.19 to 4.54-p, rank 5) Top codes for
assigned include 1) Feelings Regarding Group Grades 2) Interest/Enjoyment in Working
in a Group 3) Comfort Arguing Perspectives 4) Comfort asking for help.
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S Table 1. Categories and subcategories identified in student responses to the
















Learning from each other




Beneficial with equal participation
Preferred individual work
Personal Growth






S Table 2. Categories (Benefits and Challenges) identified in student post semester
responses to the prompt “From your perspective, what were the benefits and
challenges associated with your group?”
Group Type Benefits No Benefits Challenges No Challenge Sum
Assigned 51 0 23 15 89
Self-Selected 35 0 20 9 64
Note. Summed total of identified categories in assigned and self-selected groups from the
Post- Semester Response.
S Table 3. Categories and subcategories identified from Pre and Post-Semester
student responses to the prompt “Please specify any concerns you have about






Doing all/ majority of the work
Mindset
work ethic
people feel less responsible
Interest Incongruency
Motivation/ determination/ engaged/ dedicated
People don't care/ low interest/ apathetic
Effect on Course Grades
Grade based off group work - potentially harmful/ grades suffer
group evaluations (should affect grades)
refuse obligations
Hinder Learning
difficult to understand content in group setting
left behind
Group Dynamics
uncomfortable/ don't get along
trust issues (others not doing work correctly)





S Table 4. Categories identified in student elaboration responses to the prompt
“How do you feel about having some of the assignments based on group
performance?"
Categories
Group Type Positive Negative Constructive Neutral
Assigned 8 20 8 4
Self-Selected 9 12 10 2
Note. Summed total of identified categories in assigned and self-selected groups in
Pre-Semester Response.
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S Table 5. Categories and subcategories identified in student elaboration responses
to the prompt “Working in my group has helped in my understanding of the
laboratory material."
A. Categories
Group Type Agree Disagree Neither
Self-Selected 19 2 1
Assigned 26 5 3
B. Categories
Group Type Agree Disagree Neither
Self-Selected 16 1 1
Assigned 24 1 2
C. Self-Selected Assigned


















gives me a larger




I had a group
member explain a
different point of
view to me where
















































a way that the
professor could
not.”










know to figure out
the answers to a
question.”
Note. Summed total of identified categories in assigned and self-selected groups A)
Pre-Semester Response B) Post-Semester Response C) Sample comments from high
response subcategories.
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